Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



PRACTICAL 



ORGANIC ANALYSIS. 



LONDON : PRINTED BY 

fiPOniSWOODK AND CO., NEW-STREET SQUARE 

AN1> PARLIAMENT STREET 



AN INTROnUCTION TO 



PRACTICAL 



ORGANIC ANALYSIS: 



ADAPTED TO THE REQUIREMENTS OF 
THE FIRST M.B. EXAMINATION, 



BY 



GEORGE E. R. ELLIS, 

OF UNIVERSITY COLLEGE, LONDON '. 
SCIENCE MASTER OF HEVERSHAM GRAMMAR SCHOOL 



LONDON : 
LONGMANS, GREEN, AND CO. 

1885. 

All rights reserved. 



PREFACE. 



This little book, though originally intended for the 
use of the medical student, will, I trust, prove equally 
serviceable as a general introduction to the study of 
Organic Analysis. The student who has passed his 
Preliminary Examination, and many others who have 
not yet reached that stage, are familiar with the ordi- 
nary processes of Inorganic Analysis, and therefore 
do not need a text-book which repeats a great part 
of that with which they are already acquainted. 

In preparing this work, my task, of course, has 
been rather that of selecting from a large number of 
well-known reactions than that of furnishing new 
ones. The general arrangement of the work, how- 
ever, together with much that it contains, will, I 
believe, be found to be new. 

It has not been found advisable to burden the 
student with too large a number of tests for each in- 
dividual substance, and those reactions have been 
introduced which will prove of use in general ana- 
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lytical work, to the exclusion of many which axe 
merely interesting. 

I have also found the exercises afforded by the 
examination of Organic Matter supposed to contain 
simple poisons both useful and instructive. 

For much that is contained in this little book I 
am indebted to the teaching of Professor A, W. 
Williamson, of University College, London, to whom 
I beg to tender my grateful acknowledgments. Con- 
firmatory assistance has also been derived from the 
valuable stores of information contained in Watts' 
' Dictionary of Chemistry,' and in Fresenius' * Quali- 
tative Analysis.' 

I shall esteem it a favour if teachers and students 
will fors^ard me notes of difficulties and emendations, 
Jn order that the work may become as complete and 
-a» trustworthy as possible. 



G. E. R. E. 



10 CoLviLLE Road, 

Bayswater, W. 
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SECTION I. 

PRELIMINARY EXAMINATION OF A SUBSTANCE FOR AN 
OXALATE, ACETATE, BENZOATE, SUCCINATE, TARTRATE, 
CITRATE, MALATE, MECONATE, HIPPURATE, URATE, GAL- 
LATE, TANNATE, CYANIDE OR DOUBLE CYANIDE, OR FOR 
ALCOHOL, ETHER, STARCH, CANE SUGAR, GRAPE SUGAR, 
GLYCERINE, CHLOROFORM, UREA, MORPHIA, STRYCHNIA, 
QUINIA, OR CINCHONIA. 

Much information can generally be obtained by a 
careful preliminary examination. 

(A) The substance is a Liquid. ' 

1. It may be a solution of an organic salt, or acetic 
or hydrocyanic acid, or ether, alcohol, glycerine, 
or chloroform. 

A. Carefully evaporate a portion of the liquid in 
a porcelain dish, note the appearances presented on 
drying ; do not bake the residue (if any), as this 
might cause decomposition. 

(a) A residue is left. Probable presence of an 
organic salt ; see 7. 

B 
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(fi) No residue is obtained. Probable presence 
of acetic or hydrocyanic acid, or of alcohol, ether, 
glycerine, or chloroform. 

2. To a portion of the liquid add dilute H2SO4 
and warm. A smell of vinegar indicates the presence 
of an acetate ; a faint smell of peaches indicates the 
presence of hydrocyanic acid. 

3. B, Note the odour of the liquid. Ether and 
alcohol may be thus detected, unless much diluted 
with HjO, as is sometimes the case. If the presence 
of either be suspected proceed to 41. 

4. C. Taste the liquid. If it be sweet, and if it left 
no residue, either chloroform or glycerine is present. 
If the liquid bums with a luminous flame on heating, 
glycerine is probably present. Confirm by 44. 
Chloroform boils at 62° ; ether at 35° ; alcohol at 
78*5° ; glycerine at a temperature much above 100°. 

Z>. If no result has been obtained, and the liquid 
is neutral, probably H2O alone is present 

5. The presence of organic matter in any case 
may be shown thus : — Test the liquid with litmus- 
paper ; if it be acid, add NaHO (or KHO) ; if alka- 
line, add acid (HCl) till the hquid is neutral [See 
that the alkali does not contain CO2 ; if so, add the 
NaHO in quantity not quite sufficient to neutralize 
the liquid ; on evaporating, the residue will be free 
from CO2.] Evaporate down. Then, using the 
apparatus in fig. i, in A put some strong H2SO4 and 
K2Cr207 (powdered) so as to form a thin mud, then 
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add the residue obtained above. In B put some lime 
water. On heating the mixture in A, CO2 will be 
evolved if the residue contains carbon, and will be 
detected by the lime water becoming milky. 

H2SO4 + KaCrjOy = K2SO4 -f HaCraOr. 

The chromic acid, thus formed, gives off O 
(nascent) on being heated, and this nascent oxygen 
combines vigorously with any C 
present, formmg CO2. 

6. The presence of organic 
nitrogen (i,e, not in the form of 
ammonia) in a body is detected 
thus : — If the substance be an 
ammonium salt, remove the 
H3N by boiling it with an ex- 
cess of KHO, evaporate and 
mix the residue with soda lime ; 

introduce the mixture into the hard tube A (fig. 2), 
put a little more soda lime on the top of the mix- 
ture, also a small quantity of HgO in C, and heat A. 
If organic nitrogen be present in A, ammonia will be 
given off, and will be absorbed by the HgO in C. Its 
presence may be detected by Nessler's test. 
(6) The substance is a Solid. 

7. A, Heat a portion of the solid in a hard glass 
tube, or porcelain crucible. Note if there is any 
charring, and if any smell is perceptible. 

(a) Much charring. Presence of tartrate, 

B 9. 
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citrate, gallate, urate, tannate, cane or grape sugar, 
starch, or an alkaloid. 

1. If also there is a smell of burnt feathers and 
of ammonia, a urate is probably present. 

2. If a tarry smell be noticed, an alkaloid is pro- 
bably present. 

3. The smell of burnt sugar indicates the presence 
of a tartrate, citrate, gallate, tannate, cane sugar, 
grape sugar, or starcL 

If either starch or an alkaloid be suspected, pre- 

FlG. 2. 




B 




pare a solution of the solid as directed in 9, To a 
portion of the solution add a little of a solution of 
iodine in potassium iodide. 

A dark-blue colour (almost black) shows the 
presence of starch ; see 52. 

[This is due to the formation of the so-called iodide 

of starch.] 

A brown precipitate shows the presence of an 

alkaloid. 

(/3) Little or no charring. Presence of an 
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acetate, benzoate, Bncciiiate, malate, oxalate, anl- 
pho- or donble cyanide, or urea. 

1. A smell of burnt sugar and of ether indicates 
the presence of an acetate. 

2. A smell of burnt feathers and of ammonia in- 
dicates the presence of a cyanide or donUe cyanide. 

3. A smell of ammonium sulphide shows that a 
sulpho-cyanide is present. 

4. Ammonia is, given off, and a white sublimate is 
formed on the sides of the tube. Urea is present. 

5. The solid volatilises, but there is no smell. 
Probable presence of an oxalate. 

6. A peculiar aromatic odour is perceived. A 
benzoate is present. 

7. A gas with a stifling odour is evolved Pro- 
bable presence of a succinate. 

8. The same with a strong smell of burnt sugar 
indicates the presence of a malate. 

8. B. Heat the dry solid in a test-tube with strong 
H2SO4. 

(a) The mixture does not blacken. Tartrates and 
citrates are absent. 

{p) A gas is evolved which burns with a blue 
flame (CO) at the mouth of the tube. Presence of 
malate, formate, oxalate, ferro-cj^nide, or ferri- 
cyanide. 

I. If the original solution was greenish and 
becomes white after the addition of the acid, pro- 
bably a ferro- or ferri-cyanide is present. 
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2. If a smell of fruit is perceived, a malate is 
probably present 

(y) A smell of vinegar is noticed. An acetate is 
present 

{I) SO3 is evolved, as also an irritating, cough - 
causing vapour. A Buccinate is present. 

{() If in addition CO2 is given off, but no char- 
ring takes place, a urate is probably present. 

{i) Much CO2 and SO2 are evolved, and the 
mixture chars rapidly. A tartrate, sugar, ot starch 
is present. 

(ly) No charring, but an irritating, cough-causing 
vapour is evolved. A benzoate is probably present 

{&) Charring takes place, CO 2 and CO are evolved. 
A citrate is probably present 

(() The mixture darkens rapidly, and an irritating 
smell is noticed. A gallate or tannate is present 

If the liquid possesses a greenish tint, then a tan- 
nate is present ; if a purplish tint, then a gallate is 
present 



SECTION II. 

SPECIAL TESTS FOR THE ACIDS AND OTHER ORGANIC BODIES. 

For these tests it is best to separate from the solution 
any metal which it may contain (except K, Na, or 
Am), as the reagents used are liable to precipitate 
some of the metals from their solutions. 

9. This is generally done by boiling the given 
solution with NaaCOa (solution) until no further 
precipitate is obtained. Filter oflf the precipitate,* 
and to the filtrate add a very slight excess of HNO3, 
boil to expel any CO2 present, then add NaHO, drop 
by drop, till the solution is exactly neutral. The solu- 
tion thus obtained is then used for the following tests, 
and is referred to as the original * NaaCOs ' solution. 

10. Formic Aoid and Formates : CHaOa. 
Acetic Acid and Acetates : C2H4O2. 

These two acids, corresponding respectively to 
methyl and ethyl alcohol, belong to the fatty acid 
series. Formic acid, found in nettles and in the 
bodies of red ants, is a fuming irritating liquid, boiling 

> This treatment with Na^CO, may be omitted when 
metals of the first four groups are absent. 
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at 105**. Acetic acid, obtained from vinegar, is a 
colourless liquid, with a strong acid taste and smell, 
boiling at 117°, and freezing at 17°. The acetates 
of silver and mercury (protosalt) are only slightly 
soluble in water ; the other acetates are readily 
soluble. 

11. Tests. — Formic Acid. 

1. Heated with strong H2SO4, no charring takes 
place, but CO is evolved, which, if lighted, burns 
with a blue flame. [An oxalate reacts in the same 
way.] 

2. To a neutral solution of a formate, add 
C2H6O, then strong H2SO4 ; heat. Formic ether 

(rH^I ^J ^^ given off (fragrant smell). If an 

acetate be used, acetic ether will be produced, but 
the smells are so alike that this test cannot be relied 
upon to distinguish between the two salts. 

3. AgNOa gives no precipitate with a formate 
except when the solution is concentrated. Now heat ; 
the formate of silver is reduced, and grey Ag is de- 
posited. An acetate does not thus reduce AgNOa. 

4. Fe2Cl6, added to a neutral solution of either a 
formate, acetate, or sulpho-cyanide, gives a red coloura- 
tion. Divide the solution into two portions, (a) and 
(/3). Heat (a) ; a precipitate is produced in the case of 
the formate and acetate. To (/3) add HCl. If the 
colour changes to yellow, a formate or acetate is 
present. Distinguish thus : A formate gives a white 
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precipitate with mercuric chloride ; an acetate gives 
no precipitate. 

5. BaCl2 (or CaCl2) gives no precipitate with a 
formate solution. 

6. Add HgO to some formic acid; mercuric formate 
is thus produced, and CO2 is given off. Now heat 
the solution ; the formate is reduced, and a grey 
powder (Hg) is deposited. Mercuric acetate is not 
thus reduced. 

Both formic and acetic acid are monobasic, as 
determined by the following — 

12. Rule for determining the Basicity of Organic 
Acids, It is found that the basicity of an organic 
acid is determined by the number of times it contains 
the group COOH (Oxatyl). Thus formic acid, H 
(COOH), is monobasic, containing it once. Succinic 

COOH' ^^^^^ citric acid con- 



acid is dibasic, C2H4 



tains it three times, CaH4 (OH) (C00H)3, and is 
therefore tribasic. 

13. Tests, — Acetic Acid. 

I. On heating an acetate with strong H2SO4, no 
charring takes place until the heating has been con- 
tinued some time. Much charring then occurs, and 
HA is set free, and may be recognised by its smell 
(of vinegar). Acetic ether, which possesses a fragrant 
smell, is given off when C2H6O and strong H2SO4 
are added, to an acetate solution, and the mixture 
warmed (see 11, 2). The odour is best observed 
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when the mixture is allowed to cool for a short 
time. 

2. To the neutral solution of an acetate add 
AgNOa. A white crystalline precipitate of silver 
acetate (C2H3Ag02) is produced, soluble in (NH4) 
HO, and in warm water. 

3. Fe2Cl6, added to a neutral acetate solution, 
produces a deep red colouration (but no precipitate), 
due to formation of iron peracetate. [The colour is 
not destroyed by HgCl2, which destroys the red 
colour due to the presence of a sulpho-cyanide ; see 
39, 3.] Now boil ; all the Fe separates as a light 
brown precipitate (basic acetate of Fe), and the liquid 
becomes colourless. 

4. A little acetate (solid), heated in a hard glass 
tube, gives oif the peculiar smell of acetone. The 
vapour burns with a luminous flame when kindled. 

5. BaCl2 (or CaCl2) gives no precipitate with a 
neutral solution of an acetate. 

14. Benzoic Acid and Benzoates : CeHg. COOH. 
Succinic Acid and Snecinates : 

C2H4. (C00H)2. 
Benzoic acid is monobasic, and consequently 
forms only one series of salts, most of which are 
soluble in water. Succinic acid, belonging to the 
oxalic series of acids (general formula=CnH 211-204), 
is dibasic, and thus forms two series of salts, of which 
the alkaline metal salts are soluble in H2O. Benzoic 
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acid is much less soluble in water than is succinic 
acid. 

16. Tests, — Benzoic Acid. 

1. Heated alone a benzoate does not char, but 
gives off a vapour possessing an aromatic odour, 
which causes an unpleasant sensation and induces 
coughing. Benzoic acid crystals burn with a smoky 
flame, while succinic acid crystals burn with a blue 
but not a smoky flame. 

2. When heated with concentrated H2SO4, no 
charring occurs, but an irritating, cough-causing 
vapour is evolved. 

3. AgNOa gives a white precipitate of silver 
benzoate. 

4. Fe2Cl6, added to a neutral solution, gives a 
buff-coloured precipitate (ferric benzoate). This pre- 
cipitate is soluble in acids with liberation of benzoic 
acid (white, crystalline flakes), and is decomposed by 
NH4HO. 

5. When concentrated H2SO4 (or HCl) is added 
to a fairly strong benzoate solution, benzoic acid is 
liberated in the form of a white crystalline precipitate. 
[Benzoic acid is slightly soluble in H2O.] 

16. Tests, — Succinic Acid. 

1. Heated alone, little or no charring takes 
place, but cough-causing vapours are evolved. (Com- 
pare 15, i). 

2. When heated with concentrated H2SO4, much 
SO2 is given off, but no blackening takes place until 
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the heat has been long prokMiged, when an mhating; 
coa^-cansmg vapour is evolved. 

^ AgNOs gives a white precipitate of sQver 
succinate. 

4. Fe^Cl^ gives a leddish-biown precipitate (fer- 
ric sacdnate) with neutral sacdnatesL Ferric succi- 
nate is soluble in HQ (without liberation of succinic 
acid), and is decomposed by NH4HO with formation 
of ammonium succinate and a more basic succinate. 
[Fe2Cl5 is an' add liquid, so care must always be 
taken to add it drop by drop.] 

5 . CaClj gives no predpitate with dther a benzoate 
or a succinate. 

6. To the neutral sucdnate solution add an equal 
volume of C2H6O, then a drop of NH4HO, and BaClj. 
A white predpitate of barium succinate is formed, 
this salt being insoluble in CsHeO. As barium 
benzoate is soluble in alcohol, this test serves to dis- 
tinguish between a benzoate and a sucdnate. 

17. Oxalic Acid and Oxalates : (COOH)^. 
Tartaric Acid and Tartrates : C4H6O6. 
Malic Acid and Malates: C4H6O5. 
Citric Acid and Citrates : CeHgOy. 

Oxalic acid is the first term of a series of dibasic 
acids possessing the general formula CnH2ii.204. The 
oxalates of the alkaline metals are soluble in H2O, 
the other metallic oxalates are generally insoluble 
(stannic oxalate is, however, soluble). Malic and tar- 
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tanc acids are likewise dibasic, and consequently form 
two series of salts ; thus, tartaric add, tt [ C4H4O6, 
forms two salts with K ; the one, hydrogen potassium 
tartrate (cream of tartar), tt rC4H406 ; the other, po- 

K) 
tassium tartrate, jr [€411405. The malates generally 

are soluble in H2O. Citric acid occurs together with 
malic acid in the juice of many fruits (such as the 
lemon). The citrates of the alkaline metals are soluble 
in H2O, while those of the alkaline-earth metals 
(Ca, Ba, Sr), of silver and of lead are insoluble. 

The acids, tartaric, malic, and citric, possess the 
property, in common with other complex organic 
bodies, of holding metallic oxides (as CuO) in solu- 
tion, even in the presence of an alkali. This is due 
to the formation of a double tartrate (malate or citrate) 
of the alkali and the metal of the oxide, which salt 
is not decomposed by the alkali. 

The formula of tartaric differs from that of succinic 
acid by O2, and we can obtain the latter acid from 
the former, and vice versd. Of the six atoms of O in 
the formula of tartaric acid, four correspond to the 
bibasic function of the acid (see 12) ; the other two 
atoms of O are united in what is termed an alcoholic 
bond, and these two O's hold the CuO in solution. 

18. Tests. — Oxalic acid. 

I. On heating oxalic acid in a hard tube the acid 
partly sublimes, condensing in fine needles, and is 
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partly decomposed. Vapours are given off which 
induce coughing. 

2. When a solid oxalate is heated with concen- 
trated HjS04 J^o charring takes place, but an effer- 
vescence is caused, due to the evolution of CO and 
CO2. The CO burns with a blue flame when a light 
is applied, and the CO 2 renders milky a drop of lime 
water on the end of a glaf s rod. An oxalate is not 
decomposed by dilute H^S04. 

3. Heat a strong solution with Mn02 and dilute 
H2SO4 ; CO2 gas is given off. 

N.B. — See that the Mn02 does not itself contain 
CO 2 (a carbonate, which the commercial sample 
generally does), which would, of course, give off CO2 
on being treated with an acid. 

4. On adding CaCl2 to a solution of an oxalate, 
a white precipitate of calcium oxalate (CaC204) is 
produced, insoluble in NH4HO, and in acetic acid, 
but easily soluble in HCl or HNO3. [This precipitate 
is obtained even if the solution be very dilute.] 

Filter off the CaC204 thus obtained ; divide it 
into two parts, [a) and {b). To {a) add dilute HCl ; 
no effervescence occurs. Dry {b) and heat it to red- 
ness on Pt foil ; no blackening occurs, but the 
CaC204 is converted into CaCOj, which, of course, 
effervesces on adding dilute HCl. 

5. CaS04 (or lime water, or BaCl2) added to an 
oxalate reacts as in 4. 

6. If a few drops of Fe2Cl6 be added to a 
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neutral oxalate solution, no precipitate is formed, but 
on now adding AmHO (or KHO) till the liquid is 
strongly alkaline, a dark brown precipitate is thrown 
down. (Compare 19, 7.) 

7. AgNOa added to an oxalate solution produces 
a white precipitate of Ag2C204, soluble in AmHO and 
in HNO3. 

19. 7<?^/y.— Tartaric Acid 

1. Heated alone, tartrates are decomposed, a 
characteristic smell of burnt sugar is given off, and 
much charring occurs. 

2. When heated with strong H2SO4, these salts 
blacken rapidly, giving off CO, CO2, and SO2. [The 
amount of CO given off is small] 

3. Add CaCl2 to a neutral tartrate solution, shake 
well, and let stand ; a dense white precipitate of calcic 
tartrate (compare citrates and malates, 20, 21, 3) is 
formed, soluble in most acids (so that no precipitate 
is got with tartaric acid until the acid has been neu- 
tralized), and in salts of Am. Heat, to coagulate the 
precipitate, wash and divide into two parts (a) and (p\ 
To (ci) add cold KHO, the precipitate is dissolved ; 
now heat, the calcium tartrate is reprecipitated, but is 
Tcdissolved on cooling. 

Pour off as much wash-water as possible from (p\ 
add dilute AmHO, drop by drop, until the CaT is 
nearly dissolved, drop in a crystal or two of AgNOa, 
then heat gently to about 55 °-6o*' C. (best in a water 
bath). A bright mirror of metallic silver is seen inside 
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the tube. H2T reduces Ag while still in the wet tube, 
and thus differs from other bodies which also reduce 
Ag salts. 

4. CaHO in neutral solutions causes a white pre- 
cipitate of CaC4H406, soluble in NH4CI and in HaT. 
This precipitate, of course, reacts in the same way as 
(a) and (p) in 4. 

5. AgNOa produces in neutral solutions a curdy 
white precipitate of Ag^T, soluble in HNO3 ^i^d 
AmHO. Wash the precipitate, drain off the wash- 
water, and add dilute AmHO till the precipitate is 
nearly dissolved, heat gradually (best in a water-bath) 
to 55°-6o° C. ; a brilliant deposit of Ag is seen on the 
inside of the tube (as in 4 h), 

6. Add (KCl-f-HA) to a neutral solution of a 
tartrate, shake and stir well. A white crystalline 
precipitate of KHT is formed, soluble in mineral acids 
(HCl, HNO3, &c.) and KHO, but not in acetic acid. 
The formation of the precipitate is aided by the 
addition of CaHeO. The HA was added to make 
the solution acid, as the precipitate is not produced in 
neutral solutions or in solutions containing a mineral 
acid. 

7. As before stated, tartaric acid (and other 
organic bodies) are capable of holding Cu and other 
metals (Al, Mn, Fe) in solution in the presence of 
alkalis. Of course, there is a limit to the quantity of 
the CuO (or other oxide), which these bodies can 
prevent from being precipitated, so always use a little. 
If an excess has been added, of course part of the 



Tests for Malic A cid, 1 7 

oxide will be precipitated, but some will dissolve in 
the acid, and its presence be proved (in the case of 
CuO) by looking through the edge of the solution and 
seeing if the clear part of the solution has a bluish 
tint. Proceed thus — 

To some KHO solution add a little CUSO4, a 
light blue precipitate of Cu(0H)2 is formed ; now 
add HjT or a neutral tartrate solution, the blue pre- 
cipitate is dissolved, and a blue solution is obtained. 

The acidity of HgT is less pleasant than that of 
citric acid. 

20. 7>5/j.— -Malic Acid. 

1. Heated to redness alone, malates darken 
very slowly, giving off a smell of burnt sugar as well 
as an irritating vapour. 

2. Heated with strong H2SO4, the mixture darkens 
very slowly, giving off CO and CO2, a smell of apples, 
and afterwards SO2 

3. CaCl2, when added to a neutral malate solution, 
gives no precipitate in the cold, nor upon boiling 
(unless the original solution be very strong). Now 
add an equal volume of C2HejO. A white precipitate 
of C4H4Ca05 is thrown down. This calcium malate, 
however, gives no mirror when heated with a crystal 
of AgNOa and a little AmHO (see 19, 3). 

4^ Lime water gives no precipitate with malates 
either in the cold or on boiling. Now add C2H6O, and 
we get a precipitate of calcium malate, as in 3. Hence 
we can distinguish between a tartrate and a malate. 

c 
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5. To a neutral solution of a malate add PbA^. 
A white precipitate of lead malate is thrown down. 
Now boil the liquid (containing the precipitate) ; the 
lead malate seems to dissolve, while the particles seem 
to clot together and undergo a kind of fusion. 

This is not a characteristic test, but no other com- 
mon acid reacts in the same way. 

6. AgNOa, added to neutral solutions, throws 
down a granular white precipitate of Ag2C4H405, 
which turns grey on boiling. 

21. r^j/lf.— -Citric Acid, 

1. On being heated to redness citrates char con- 
siderably, and give off irritating fumes, which are 
readily distinguished from those given off by tartrates. 

2. When heated with strong H2SO4, CO and CO2 
are given off, but no blackening takes place until after 
long boiling, when SO2 also is evolved. 

3. CaCl2 gives no precipitate with a neutral 
solution of a citrate in the cold, but on boiling the 
solution, a white precipitate of calcium citrate, Cag 
(C6H507)2, is thrown down, soluble in AmCl or AmHO, 
but insoluble in KHO (except when strong and in 
the cold). 

4. Lime water gives a precipitate (as in 3), when 
boiled with a neutral solution of a citrate. Citrate of 
lime does not reduce a silver salt as calcium tartrate 
does. 

5. AgNOa, £idded to a neutral solution, produces 
a white precipitate of silver citrate, CgHjAgaOy. 
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Silver citrate dissolves in AmHO, but does not 
darken on boiling (owing to the reduction of the 
silver) as silver tartrate does. 

22. Keconic Acid and Keconates : C7H4O7. 

Meconic acid, found in opium, is a tribasic acid, 
soluble in warm HgO, from which it may be crystal- 
lized in the form of plates. The normal meconates 
(those in which the three atoms of H are replaced by 
a metal) of the alkaline metals are soluble in water. 
The acid meconates are only slightly soluble, while 
silver, lead, barium, calcium, and copper meconates 
are insoluble in H2O. 

23. Tests, 

1. Meconates are readily decomposed on boiling, 
CO2 being evolved. 

2. CaClj forms a precipitate of calcium meconate 
with a neutral solution. The precipitate is soluble 
in HA. 

3. Fe2Cl6 gives a blood-red colouration (re- 
sembling that due to the action of Fe^Cle on a sulpho- 
cyanide). The solution is not discolourised on adding 
HgCla, as is the case with a sulphocyanide, and does 
not alter in appearance on boiling, as would be the 
case with an acetate solution. 

This reaction is highly characteristic of a meco- 
nate. 

4. With PbAj meconates give a white precipitate 
of lead meconate, which is insoluble in HA. 

c 2 
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24. TTric Acid and TTrates : C5H4N4O3. 
Hippuric Acid and Hippurates \ C9H9NO3. 

These two acids differ from the ones we have 
already dealt with by containing N. Uric acid is 
obtained from the excrement of birds and serpents, 
and is a common constituent of animal excretions, 
either as uric acid or urate of sodium, potassium, 
ammonium, or calcium. Serpent's urine (hydric am- 
monium urate) is nearly insoluble in HjO, but more 
soluble in KHO (dilute). From this solution hydric 
urate is precipitated by the addition of HCI. Uric 
acid is insoluble in HgO, ether, and C2H6O, but 
soluble in dilute alkalis and in concentrated H2SO4. 

Hippuric acid is found in the urine of horses and 
other herbivorous animals. It very closely resembles 
benzoic acid in its reactions. In its passage through 
the animal body benzoic acid becomes converted into 
hippuric acid. 

All the urates are only slightly soluble in H2O. 

25. 7>j/y.— Uric Acid. 

1. When heated alone, urates blacken readily, and 
give off a smell of burnt feathers ; sometimes the 
smell of HCN may also be detected. 

2. Heated with strong H2SO4, the solution does 
not blacken, but at a high temperature SO 2 and CO 2 
are given off. 

3. Add HCI, drop by drop, to the neutral solution. 
A white crystalline precipitate forms gradually. Take 
the precipitate, dissolve it in a few drops of HNO3, 
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'evaporate carefully to dryness, and add a little 
H4NHO (one drop). A beautiful purple-red colour 
is formed, due to the formation of murexide, C8H4 
(NHO NsOe. 

Acetic acid also precipitates uric acid from its 
solutions. 

4. Uric acid readily dissolves in HNO3, and the 
bright purple colour (murexide ; see 3) is obtained by 
evaporating the solution, and moistening the residue 
^ith AmHO. By acting on uric acid with HNO3, 
alloxantin (C8H4N4O7) is formed, which on drying 
gives alloxan (C4H2N2O4), and this substance gives 
the purple colour with AmHO, which colour becomes 
violet on the further addition of KHO. 

5. AgNOa gives a black precipitate with a urate 
solution. SchifFs test consists in dissolving the hydric 
urate (precipitated by HCl, as in 3) in Na2C03. A 
drop of this solution is placed alongside a similar 
drop of AgNOs o*^ blotting paper. On now warming, 
a brown stain is caused, due to the reduction of the 
silver salt by the uric acid. 

26. Tests, — Hippuric Acid. 

1. Heated alone, the acid chars, a sublimate of 
benzoic acid is obtained, and vapours with a charac- 
teristic odour are evolved. The smell of HCN is 
generally perceptible. 

2. The hippurates very closely resemble the ben- 
zoates in their reactions. The only methods of dis- 
tinguishing between them are : — 



1 
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(a) HCl, in strong solutions of hippurates and 
benzoates, gives a white precipitate (if it does not 
form at once, shake the solution well). On adding a 
little ether, the benzoate precipitate dissolves, while 
the hippurate one does not The acids when mixed 
may be separated in this way, the ethereal solution 
rising to the surface. 

If a hippurate be boiled with HCl, benzoic acid 
and sugar of blue are formed, thus : — 

H2O + CyNHgOa = CyHfiOa + CaHgOaN 

= CeH,COHO + jgg^«J^ 

{b) On heating a hippurate with soda lime, we 
get H3N given off, which is not the case with a ben- 
zoate (see 6). 

3. FegCle gives a brown precipitate with neutral 
solutions of hippurates, as it does with benzoates. 

27. Bile Salts. 

Purified bile is a mixture of the sodium salts 
of taurocholic (C26H45NSO7) and cholic acids 
(C26H43NO6). These salts resemble soaps, for, 
on boiling with Glauber's salts (Na2S04), the 
precipitated bile salts rise to the surface along 
with the colouring matter. Strong H2SO4 forms 
taurin (C2H7NO3S) with taurocholic acid, and with 
cholic acid it gives cholanic acid (C24H40O5), which 
gives a fluorescing liquid with sugar and oil of vitriol. 
On addition of an acid the bile salts give the hydric 
salts. The soda salts are soluble in CaHgO ; on now 
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adding ether, the salts are deposited with most of the 
colouring matter ; a second addition of ether will 
bring down the salts free from colouring matter. 

28. r«/y.— Bile Salts. 

On adding H2SO4, drop by drop, to a tolerably 
dilute aqueous solution of bile salts, a white precipi- 
tate is formed, which dissolves on an excess of the 
acid being added. Now pour in a very little cane 
sugar. A beautiful violet colouration is produced, 
due to the cholanic acid liberated in the reaction. 
(Pettenkofer's test.) 

Too much sugar causes a black colouration. 

Ghkllic Acid and Gallates : CyHgOg. 

Both these bodies are obtained from gall-nuts 
(excrescences formed on the oak tree by an insect). 
Powdered gall-nuts, on being treated with ether and 
H^O, yield the tannin to the HjO, and the gallic acid 
to the ether. Tannin is not a real acid, because it 
contains no oxatile, but is in reality a salt of gallic 
acid (gallic gallate). When exposed to the air, or 
treated with dilute H2SO4, tannin breaks up into 
glucose (CeHiaOe) and gallic acid, thus : — 

C27H22O17 + 4H2O ^ C6H12O6 + sQ^eOs* 

and when heated to about 220°, it yields pyrogallic 
acid, CeHa(0H)3. In pyrogallic acid, each of the three 
atoms of O is interposed between C and H, and thus 
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we have three atoms of hydroxyl. On being heated, 
gallic acid is decomposed into CO2 and C6H3(OH)3. 
80. r«/y.— Tannic Acid. 

1. Heated alone, tannates char easily, and give off 
a strong smell, resembling burnt sugar. 

2. Heated with strong H2SO4, a dark mixture 
with a greenish tint is obtained : vapours are evolved 
which induce coughing. A similar reactioti is ob- 
tained with a gallate (see 31, 2). 

Heated with dilute H2SO4, grape sugar and gallic 
acid are formed. 

3. CaClj gives no precipitate with a tannate solution. 

4. H2SO4 gives a white curdy precipitate. 

5. Fe2Cl6 added to a solution of a tannate gives 
a dark blue-black precipitate (ink). The precipitate 
(tannate of iron) dissolves in H2SO4, and the solution 
then becomes yellow. 

6. Gelatin gives a yellowish-white flocculent pre- 
cipitate (of leather). 

7. When KHO is added to a tannate solution 
(neutral), the mixture gradually becomes yellowish- 
brown, and then black. The reaction proceeds more 
slowly than in the case of a gallate solution. 

31. r«/5.— Gallic Acid. 

1. When heated alone, gallates char easily. A 
faint smell of burnt sugar may sometimes be noticed. 

2. Heated with strong H2SO4, a dark mixture is 
obtained, which gives off unpleasant vapours, and in 
which a dark crimson tint may be noticed. 
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3. CaClj gives no precipitate. 

4. H2SO4 gives no precipitate. 

5. Gelatin also gives no precipitate. 

6. FeaClfi gives a blue-black precipitate (ink), 
which forms a dark yellow solution on adding H2SO4. 

7. A mixture of KHO and gallic acid slowly turns 
yellowish brown, and finally black. This blackening 
with gallic acid takes place more rapidly than with 
tannin, and less quickly than with pyrogallic acid. A 
kind of crimson tint may be observed in the gallic 
acid colouration. 

32. The separation of tannin and gallic acid, 
occurring together in solution, is thus effected : — 
Evaporate the solution gently, until it is very con- 
centrated. Let cool, and then shake it up in a narrow 
test-tube with ether. We now get two layers, the 
upper one of ether and gallic acid, the lower of tannin 
and water. Introduce a small roll of blotting-paper 
and remove, by means of it, the ethereal solution. 
The gallic acid is thus got on the paper, and the 
tannin is left in the test tube. 

33. XTrea: CON2H4. 

Urea is a white crystalline solid, occurring in the 
form of long striated needles, readily soluble in HgO 
and C2H6O. It occurs in varying quantity in the 
urine of mammals, and may also be prepared arti- 
ficially. Heated in closed tubes with HgO, urea 
forms Am HO and CO 2. When subjected to dry 
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distillation, it behaves as a cyanurate of ammonia, 
giving off NH3, while cyanuric acid (C8N3O3H3) is 
left behind. Cyanuric acid, when heated, breaks up 
into three molecules of cyanic acid (CNOH). Al- 
though neutral, urea, like many amides, is capable of 
combining feebly with acids and bases ; thus we have 

urea nitrate, jJH 1 ^^^3- When exposed to the 

air, urea very soon becomes converted into ammonium 
carbonate. 

34. 7>^/y.— Urea. 

1. Heated alone in a hard tube, the solid melts. 
Ammonia is given off (recognised by its smell and 
action on litmus), and a white sublimate of cyanuric 
acid is formed on the sides of the tube. 

2. When HNO3 is added to a strong solution of 

urea, urea nitrate is formed, 
which, being almost insoluble 

1 ^ % ^_ in HNO3, separates out in shin- 

Jji' JB ing scaly plates. Urea nitrate 

Til fm is soluble in C2H6O and hot 

H2O. 

3. Put some of the precipi- 
tate, obtained in 2, in the test- 
tube A (fig. 3), and add some 
HNO2 ; the precipitate dis- 
solves, CO2 and N are given off. The CO2 gives a 
white precipitate with the lime water in B. 

CON2H4 -f 2HNO2 = CO2 + N4 + 3H2O. 



Fig. 3. 
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4. Hg(N03)2 gives a whitish-grey curdy precipitate 
with urea. 

5. Add KHO to urea solution, and heat. The 
urea is decomposed, and NH3 is evolved. 

35. Hydrocyanic Acid and Cyanides : HCN. 
rerrocyanic Acid and Ferrocyanides : H4FeCy6. 
Ferricyanic Acid and Ferricyanides : HsFeCyg. 
Sulphocyanic Acid and Sulphocyanides : HCyS. 

The most common salt of these acids is the double 
cyanide of potassium and iron (yellow prussiate of 
potash, K4FeC6N6), from which, directly or indirectly, all 
the other cyanides are prepared. The simple cyanides 
(as KCN, HCN) are very unstable, while the double 
cyanides of Fe, Cr, Co, and other metals are very 
stable. Hydrocyanic acid cannot be kept in a pure 
state (free from H2O), as it is gradually converted 
into ammonium formate. This action takes place 
at once if the acid is heated to boiling with KHO. 

HCN + 2H2O = NH3 4- CC2H2. 

HCN possesses a peculiar characteristic smell of 
bitter almonds. The cyanides of the alkahne and 
alkaline earth metals, as also of gold, mercury, and 
iron, are soluble in H^O. Cadmium cyanide also is 
slightly soluble, while the cyanides of the other metals 
are insoluble. 

In the ferrocyanides and ferricyanides (as also in 
the case of the double cyanides of Co) the Fe is 
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present as a chlorous or non-metalljc radicle, and 
therefore does not give the ordinary reactions for 
iron \ consequently FeCyg is the chlorous part of the 
salt, and K the metallic part. 

The sulphocyanides correspond to the cyanates ; 
the O of the cyanates being replaced by S in the 
sulphocyanides. 

36. Tests, — Hydrocyanic Acid. 

1. Heated alone, cyanides (or double cyanides) 
do not blacken (or very slightly), but traces of AmHO 
may be detected. 

2. When heated with dilute H2SO4, hydrocyanic^ 
acid is set free, and may be recognised by its smell of 
bitter almonds. [As HCN is very poisonous, this test 
should be performed very carefully, and with a very 
little of the soUd cyanide. Care should be taken not 
to inhale the vapour.] 

3. To a solution of a cyanide, add a few drops of 
KHO, and then a little FeS04 containing a little 
ferric salt ; a biownish-green precipitate is obtained 
(Prussian blue and ferrous and ferric hydrate). Now 
boil, and acidify the solution with HCl ; the brown 
colour, due to the two hydrates of iron, disappears, 
but a bluish-green precipitate of K2Fe4Cyi2 (Prussian 
blue) remains. If the cyanide were present in small 
quantity, the Prussian blue would dissolve, after the 
addition of HCl, and a bluish-green solution would 
be obtained. 

4. AgNOa gives a white precipitate of AgCy, 
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Fig. 4. 



soluble in much AmHO, and in excess of KCy, in- 
soluble in HNO3. Heat the AgCy precipitate ; it 
decomposes, and metallic silver remains. The pre- 
cipitate which AgNOa gives with a chloride is not 
thus decomposed. 

5. Introduce into the test-tube A (fig. 4) the cyanide 
solution, and then some dilute 
HCl. In B put some AmgS 
solution. Now, on heating A, 
HCN is given off, and passes 
into the solution in B, forming 
AmCyS. Boil the solution thus 
obtained (in B), let cool, and 
acidify with HCl. On now 
adding a little Fe2Cl6 a blood-red 
colouration is produced, which 

is destroyed on the addition of a little HgCl2 (solu- 
tion). 

This test is very delicate, and may be more simply 
applied thus : — 

6. Boil the cyanide solution with excess of AmjS 
(after boiling for a short time the yellow colour should 
still remain)* If a precipitate form, filter, acidify the 
filtrate with HCl, evaporate nearly to dryness, and add 
several drops of Fe2Cl6. A blood-red colouration is 
produced, which is destroyed by HgCl2, but not by 
boiling, or by the addition of HCl. HCl removes 
the colour formed by the action of Fe2Cl6 on a for- 
mate or acetate (see 11 and 13). 




30 Practical Organic Analysis, 

7. Cyanides destroy the dark-red colour of I dis- 
solved in KI. 

N.B. — Mercury cyanide (HgCy2) does not answer 
to Tests (i), (2), (3), (4), or (5), but does to (6). When 
heated as in (i), this cyanide gives off CN gas, which 
bums with a beautiful purple flame. If the presence 
of HgCya be suspected, to the solution add excess of 
H2S ; a precipitate of HgS is, of course, formed if 
mercury is present. Filter, boil the filtrate until there 
is no further smell of H2S, and test for a cyanide 
according to Tests 1-6. 

37. Tests. — Ferrocyanic Acid. 

1. Heated alone, ferrocyanides react like the 
simple cyanides (see 36, i). 

2. On adding dilute H2SO4 to a ferrocyanide, a 
bluish-green colour is obtained, which becomes blue- 
black when the solution is boiled. Heated with strong 
H2SO4, a white precipitate is formed, and HCN is 
evolved. 

Introduce into a small retort some potassium 
ferrocyanide, acidify strongly with H2SO4 (concen- 
trated) and distil over into a small quantity of HgO. 
Divide the solution of HCN, thus obtained, into three 
parts, and test for the presence of a cyanide by 36 

(3), (4), (5)- 

3. Fe2Cl6, added to a ferrocyanide solution, 

produces a dark-blue precipitate of Prussian Wife 
(Fe4K2Cyi2)i which is soluble in C2O4H2, forming 
a blue-black liquid ; but is insoluble in mineral 
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acids. On the addition of KHO, the Prussian blue 
is decomposed, brown Fe2(HO)6 being separated 
out 

4. FeS04 gives a whitish precipitate, which rapidly 
becomes blue on exposure to the air. 

5. AgNOa gives a white precipitate of Ag4FeCy6, 
insoluble in AmHO and in HNO3, but soluble in 
KCN. Heat the precipitate of Ag4FeCy6 with 
HNO3 ; orange brown Ag6FejCyi2 is formed, which 
is scMle in AmHO, When heated alone, Ag4FeCy6 
decomposes, metallic Ag being reduced. 

6. CUSO4, added to a ferrocyanide solution, give$ 
a chocolate-brown precipitate of CugFeCyg, which 
does not dissolve on the addition of HA. 

38. Tests, — Ferricyanic Acid. 

1. When heated alone, these salts react in the 
same manner as the simple cyanides (see 36, i). 

2. Heated with dilute H2SO4, a little HCN is 
given off, and the colour changes from greenish-yellow 
to very dark brown. When strong H2SO4 is used, 
HCN is readily evolved, as in 37, 2. 

3. Fe2Cl6 givesa reddish brown (with a green tint) 
colouration, but no precipitate. 

4. FeS04 gives a dark-blue precipitate of FegCy j 2 
(*Turnbuirs Blue'), insoluble in most acids. On 
adding KHO, the blue colour is destroyed. 

5. AgNOs gives an orange-coloured precipitate of 
AgaFeCye, soluble in AmHO, insoluble in HNO3. 

N.B. — Ferricyanides are very liable to contain 
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traces of a ferrocyanide, which, of course, give the 
ferrocyanide reactions in a slight degree. 
39. Tests. — Sulphocyanic Acid. 

1. When heated in a hard tube, sulphocyanides are 
decomposed, sulphur being separated, but no charring 
takes place. 

2. Heated with strong H2SO4, the solution ac- 
quires a pinkish tint ; small quantities of SO2 and of 
HCN are evolved. 

3. Fe2Cl6 gives a blood-red colouration with 
sulphocyanides. No precipitate is thrown down, as 
the sulphocyanide of iron formed is soluble. The 
colour is destroyed by HgCl2, but not by HCl. The 
colour obtained by the action of Fe2Cl6 on a formate 
or acetate is destroyed by HCl (see 11, 4). 

4. With AgNOa these salts give a white curdy 
precipitate of AgCNS, soluble in AmHO and in 
KCNS (solution), but insoluble in dilute HCl. 

5. CUSO4 produces a black crystalline precipitate 
of cupric sulphocyanide (Cu(CN)2S2), if the solution is 
strong. On standing the precipitate becomes white, the 
cupric becoming cuprous sulphocyanide (Cu2Cy2S2). 

40. Alcohol or Ethyl Hydrate : CaHgO. 

Alcohol (ethyl), the second on the list of the 
normal primary alcohols, is a colourless, transparent 
liquid, with a spirituous smell and burning taste. 
It combines very eagerly with H2O, evolving heat and 
undergoing contraction of volume (about 3 per cent.) 
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When pure it boils at 78*4° ; it has not yet been 
solidified, though it becomes viscid at— 105** C* 
Alcohol possesses a specific gravity of 0*807 ^^ ^° C., 
and of 07938 at 60° F. It burns with a non- 
luminous blue flame, forming CO2 and H2O by its 
combustion. Alcohol acts as a solvent for many salts 
as well as gases, and was used for the precipitation of 
the malates (see 20, 3) ; it also dissolves many resins, 
oils, and bases which are insoluble in water and other 
common solvents. When acted upon by oxidising 
agents (HNO3 ; H2SO4 + MnOg ; K^Ct^O^ + H2SO4, 
&c.), alcohol becomes converted, first, into aldehyd, 

COH ' ^^^ ^^^^ ^^^^ acetic acid, oq^t (each of 

which has a characteristic odour), while its vapour, 
when passed through a red-hot tube, is decomposed 
with the formation of CH4, C2H4, H, CioHg, CqHq, 
and other compound bodies. When treated with 
H2SO4, hydrogen ethyl sulphate (sulphovinic acid), 
C2H5 

K; 

41. Tests. — Alcohol. 

I . Introduce into a small retort some dilute C2H6O, 
distil over one-half. To the distillate add excess of 
solid K2CO3 ; this combines eagerly with the H2O, and 
two layers are formed, the upper being alcohol and a 

' MM. Olzevski and Wrohlewski are said to have lately 
succeeded in solidifying alcohol and carbon bisulphide. 

D 
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SO4, and ether, p^xr* O, are formed. 
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very little HjO, the lower being a strong solution of 
K2CO3. In order to obtain absolute alcohol (per- 
fectly free from HaO), the alcohol is distilled in a 
large retort containing pieces of quicklime. 

2. Put two small crystals of I in a test-tube, then 
enough KHO to dissolve all the I. Add the dark* 
brown solution thus obtained to a little CsHgO, and 
warm gently. The brown colour disappears, and a 
yellow crystalline precipitate of iodoform (CHI3) is 
obtained, while a sweet smell is evolved. [This test 
is very delicate, but a large number of other bodies 
give the same reaction.] 

3. In the test-tube A (fig. 5) put some C2H6O, 

and in B two or three drops of 

Fig c 

KaCrjOy solution and a quan- 
tity of H2SO4. Now heat A ; 
the yellow colour of the solution 
in B becomes grass-green, and 
a precipitate may be formed. 
Chromic oxide is formed in the 
tube B, and dissolves, to a 
green solution, in the H2SO4 
present. [This reaction also is 
given by other combustible vapours.] 

42. Alcohol, when given for examination purposes, 
is generally diluted with a considerable quantity of 
H3O, so that the liquid is non-inflammable. If, 
therefore, a solution be given which leaves no residue 
on evaporation, and if, when distilled as in (i), the 
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distillate gives the reaction (2) or (3), it may be con- 
cluded that alcohol is present. 

(HO 

43. Glycerine : CgHgOs or C3H5 HO. 

I HO 

This substance is a colourless, viscid liquid, pos- 
sessing a very sweet taste ; soluble in alcohol, and 
in all proportions in H2O, but insoluble in ether. 
Glycerine is heavier than HgO, its specific gravity 
being 1*27. It can only be distilled in presence of 
aqueous vapour or in a vacuum, as when heated in 
the air it undergoes decomposition. When a mixture 
of CaHgOs and H2O is heated, the water comes off 
first. As seen from the above formula, glycerine con- 
tains three atoms of hydroxyl, and is therefore capable 
of holding Cu salts in solution (see 17). 

44. Tests, — Glycerine. 

1. Heat in an evaporating dish a mixture of glyce- 
rine and water ; nearly all the water comes off at 
100° C, and a viscid liquid is obtained which boils, 
without evaporating, considerably above 100° C. (proved 
by dipping a thin test-tube, containing a little H2O, 
into the viscid liquid, and showing that the water 
boils). The liquid is inflammable, burning with a 
luminous flame, and no residue is left. 

2. Heat a little CaHgOa with strong H2SO4, or, 
better, with excess of potassium bisulphate (as SO2 and 
other gases are given off from the H2SO4, and might 
disguise the reaction). A stifling smell of acroleine 

D 2 



36 Practical Organic Analysis, 

is perceived (which attacks the mucous membrane of 
the nose and eyes) while the solution blackens. 

CaHgOa - 2HaO = C8H4O (acroleine). 

Any compound of glycerine (fat, tallow, &c) will 
react in the same manner. 

3. To a little CUSO4 add some KHO ; a blue 
precipitate of Cu(H0)2 is, of course, formed On 
now adding glycerine, the precipitate dissolves, and a 
dark blue solution is obtained. 

4, Glycerine, added to a little KaCrjOY solution 
and much H2SO4, turns the yellow colour of the solu- 
tion to green on boiling. 

Reactions (3) and (4), as before stated, are not 
characteristic of CaHgOa alone. 

The best test for glycerine, so far as the first M.B. 
student is concerned, is that it is a liquid which boils 
considerably above 100° C, which leaves no residue 
and which answers to reaction (2). 

46. Chloroform : CHCI3. 

Chloroform is a colourless, mobile liquid, pos- 
sessing a powerful but pleasant smell and a sweetish 
taste. Its specific gravity at 0° is 1*525, and it boils 
at 62° C, Chloroform mixes with C2H5O in all pro- 
portions, but is almost insoluble in H2O. It is inflam- 
mable, burning with a feeble greenish-coloured flame. 

46. Teits. 

I. When a mixture of CHCI3 and HjO is distilled 
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in a small retort, the CHCI3 comes off first, and may 
thus be partially separated from the H2O. 

2. AgNOa gives no precipitate with a little CHCI3. 
Heat some CHCI3 with alcoholic potash (solid KHO 
dissolved in C2H5O) and nitric acid ; on now adding 
AgNOs a white precipitate is formed. 

3. Pass the vapour obtained by heating a mixture 
of CHCI3 and H2O through a horizontal tube heated 
to redness. The CHCI3 is decomposed, and some 
of the CI is converted into HCl by combining with 
the H of the water vapour. The HCl thus formed is 
led into a little water, and the solution is then tested 
for a chloride. 

Or better : — 

4. Act on CHCI3 with some alcoholic potash. On 
heating, the CHCI3 is decomposed, and KCl is formed 
in the excess of KHO present. Neutralise the solution 
with HNO3, ^^^ t^t t^^ solution for a chloride. 

47. Cane Sugar (Sucrose): Ci2Ha20n> 

Milk Sugar (Lactose): Ci2H320n. 

Orape Sugar (Dextrose) : CeHisOe. 

Starchy Cellulose,) /a«»«i^-«-x /r- u rk \ 
Dextrin ) ^-^™yl^®8) • ^(CeHioOs). 

These substances belong to a class of bodies 
commonly called carbo-hydrates, since their formula 
consists of C united with H and O (in the proportion 
necessary to form water). They possess the power, in 
common with many other organic bodies, of deviating 
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the plane of polarised light The substances in the 
above group turn it to the right, and are consequently 
said to be dextrogyrate. Cane sugar occurs in many 
plants, as the sugar cane, the sugar maple and beet- 
root. It also occurs, with grape and fruit sugar, in 
honey and several kinds of fruit. Cane sugar pos- 
sesses a sweet taste, which is best observed in solu- 
tion. It is freely soluble in hot and cold water, but 
nearly insoluble in CaHgO. 

Milk sugar (lactose), as its name implies, occurs 
in the milk of mammals, from which it is obtained by 
acidifying slightly, evaporating, and allowing to crystal- 
lise. It is soluble in HoO (but not so readily as cane 
sugar), slightly soluble in C2H6O, insoluble in ether. 
It is not so sweet as cane sugar, feels gritty when tasted, 
and requires a certain time to show its sweetness. 

Grape sugar (dextrose) occurs in ripe fruit, manna, 
honey, and in diabetic urine. It is not so sweet as 
cane sugar, but sweeter than lactose, and it does not 
feel gritty to the taste. It is readily soluble in HgO, 
and also to a certain extent in C2H6O (more so than 
cane sugar). 

Starch is an indispensable constituent of certain 
parts of plants, and occurs very widely throughout the 
vegetable world It is a white powder, consisting of 
fine granules, each possessing a distinct organised 
structure. The size and shape of the granules 
vary according to the source from which the starch 
has been obtained. Starch corresponds with cellulose 
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in composition, but in the vegetable cellulose seems 
to play merely a mechanical part, undergoing little 
chemical change, while the chemical changes which 
the starch undergoes seem to resemble in some 
measure the process of digestion in an animal. 
Starch is insoluble in cold HgO, in C2H6O, and 
ether, but when heated above 60° C. the granules 
swell and burst, and a substance is obtained which is 
soluble in cold HgO, but not in CQHgO. Heated 
to 160° C, starch is converted into dextrin. 

Cellulose occurs nearly pure in cotton, linen, and 
the woody fibre of young plants. It is a white substance 
resembling starch in composition, insoluble in H2O, 
C2HgO, or ether, but soluble in a solution of cupric 
oxide in AmHO. Cellulose does not swell up or 
become soluble when immersed in hot H2O, and is 
not soluble in KHO, except when the solution (of 
KHO) is excessively strong, when chemical action 
takes place. 

Dextrin (or British gum) is formed when starch is 
heated to 160® C. It is readily soluble in HqO, but 
insoluble in CaHgO. Its specific rotatory power is 
considerable, being 138*7° to the right As generally 
prepared dextrin always contains dextrose, and con< 
sequently gives the dextrose reactions. 
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48. Table of Differences of the Sugars. 





Spec. Gr. 


Specific 
Power of 
Rotation 


Stnicture 


Sucrose . 
Lactose . 
Dextrose 


I '606 
1*543 


73-8° + 

59-3^ + 
56° + 


Rhomboidal prisms, four and 

six-sided 
Small cubes and square 

plates 
Crystallises with difficulty in 

cubes 



49. Tests, — Cane Sugar, 

1. Heated alone the solid melts, water is given 
off, much charring then takes place, and a strong 
smell of burnt sugar is perceived. 

2. Heated with strong H2SO4, the mixture chars 
rapidly, muchC02, SO 2, and little CO being evolved. 

3. To an excess of KHO add a few drops of 
CUSO4 ; a blue precipitate is, of course, formed. On 
now adding solution of cane sugar, the precipitate 
dissolves and a blue solution is obtained. Boil some 
of the blue solution thus obtained ; either (i) no re- 
duction of the Cu salt occurs, or (2) more commonly 
there is a slight reduction, because the cane sugar 
contains traces of grape sugar which reduce the Cu 
solution, red oxide of copper (CU2O) being formed 
(see 61, 3). 

4. To another portion of the blue solution (in 3), 
add HCl till the solution is acid, then boil for one or 
two minutes ; the cane sugar is converted into grape 
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sugar, which reduces the Cu solution with the forma- 
tion of the red oxide of copper (CujO). 

50. Lactose and Dextrose. 

These two bodies resemble each other very closely, 
and it is difficult to distinguish between them. When 
heated gently with HNO3, from lactose we get mucic 
acid (CcHioOg), which is slightly soluble in HjO, 
while from dextrose we get saccharic acid (CgHioOg), 
which is very soluble in HgO. In the solid form 
lactose is very gritty and almost insipid, but quite 
sweet in solution. Dextrose is not gritty, and is much 
sweeter and more soluble than lactose. 

51. Tests for both, 

1. When heated alone the solid melts, water 
of crystallisation is given off, much charring occurs, 
and an unpleasant smell of burnt sugar is perceived. 

2. Heated with strong H2SO4, combination takes 
place, a yellow-coloured compound (sulphosaccharic 
acid) is formed, and no charring occurs. 

3. When heated to boiling with a few drops of 
CUSO4 and excess of KHO, a yellowish red precipi- 
tate of CugO is at once produced, due to the reducing 
action of the grape sugar. This reaction enables us 
to distinguish between cane and grape sugars. 

52. r«/f.— Starch. 

I. When heated alone, much charring takes place, 
and a pungent smell resembling burnt sugar is given 
off. 
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2. Heated with strong H2SO4, starch gives the 
same reactions as cane sugar. 

3. Starch, and a solution of starch, give an in- 
tensely dark-blue colour (black when much starch is 
used) with a weak solution of I in KI. The colour 
is bleached by alkalis and disappears on heating the 
solution, but reappears, to a certain extent, on allow- 
ing the solution to cool. 

4. Starch granules are soluble in KHO, forming 
a gelatinous mass. 

5. Starch solution, when boiled with a few drops 
of HCl, is gradually converted, first, into dextrin 
(see 64), and then into grape sugar (dextrose : see 
61). 

[When heated with H2SO4 dextrin is converted 
into grape sugar. CeHioOg + HgO = CeHjaOe-] 

63. 7>x/j.— Cellulose. 

1. Gives no blue colour with a solution of I in 
KI. 

2. A solution of CuO in AmHO dissolves cellu- 
lose, but not starch. To the solution thus obtained 
add HCl ; a gelatinous precipitate of cellulose forms 
in the upper part of the solution. 

3. Cellulose is insoluble in KHO solution. 

64. Tests, — Dextrin. 

1. Dextrin gives no blue colour with a solution of 
I in KI. 

2. To a few drops of CUSO4 add an excess of 
KHO. The blue precipitate thus obtained dis- 



Tests for Dextrin, 43 

solves on adding dextrin solution. Now boil. There 
should be no reduction, as pure dextrin does not 
reduce the Cu salt, but generally there is a reddish 
precipitate, due to the presence of dextrose in the 
samples of dextrin. Divide the solution (containing 
the precipitate) into two parts, (a) and (/3). To (a) add 
HCl (to convert the dextrin into dextrose), the red 
precipitate readily dissolves ; boil for a few minutes, 
make alkaline with KHO, and compare (a) with (/3). 
There should be more precipitate in (a) than in (/3). 

3. Dextrin is thrown down from its solutions as a 
white, milky precipitate on the addition of C2H6O. 
When the solution containing the precipitate is evapo 
rated down, a gummy mass is obtained. 

65. Albumen: C72Hii2NigS023 (Johnson). 
Gelatin: C4iH67Ni30i6. 

In all probability these two substances have 
never been prepared in a pure state, and therefore 
the above formulae are probably presumptive. Gerhardt 
regarded albumen as a compound of sodium having 
the formula (NaC72HiiiNigS022H20). Albumen 
occurs in the solids and fluids of mammalia, and 
may be obtained in a comparatively pure state from 
the white of eggs. Beat up the white of a few eggs, 
dilute with a little water, and strain the liquid thus 
obtained to free it from extraneous matter, as pieces 
of membrane, &c. 

When skin, membrane, or bone is subjected to the 
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action of HaO at a high temperature, a colourless , 
liquid is obtained which sets to a jelly on cooling. 
The substance thus obtained is gelatin. It contains 
no S, whereas albumen does. 
66. Tests, — Albumen. 

1. On heating a solution of albumen to about 
75° C. coagulation at once takes place, and the albumen 
becomes insoluble. 

2. Dilute HNO3 and most mineral acids cause 
the coagulation of albumen in the cold. Phosphoric 
(ortho-), acetic, and tartaric acids do not give this re- 
action. 

3. Add one drop of PbAg to a solution of albu- 
men ; a white precipitate is obtained. Now add 
excess of KHO ; a clear solution is the result (the 
S in the albumen does not now act on the Pb salt). 
On boiling, a black precipitate of PbS is formed, 
owing to the decomposition of the KHO, and the 
reduction of the lead salt to lead sulphide. 

4. Add some albumen solution to a little Millon's 
reagent;^ a white precipitate is formed, which becomes 
red on being heated. 

HgClg coagulates solutions of albumen, even when 
very dilute. Other salts {e,g, AgNOa, CUSO4, alum, 
SnCl2) react in the same manner, forming insoluble 

* Mercury dissolved in HNO3 ; the solution thus contains 
mercurous and mercuric salts, and generally nitrous and nitric 
acid as well. 
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compounds with the albumen. Alkalis prevent the 
precipitation of albumen. 
67. Tests. — Gelatin. 

1. Gelatin does not coagulate on boiling. 

2. Does not coagulate on the addition of dilute 

HNO3. 

3. Gelatin contains no S ; consequently there is 
no formation of a black precipitate of PbS (as in 
66, 3) on adding PbAj and boiling with KHO. 

4. Gelatin gives a red colour with Millon's reagent 

5. Solution of tannin precipitates both albumen 
and gelatin. Both hold Cu salts in solution in the 
presence of an alkali. 

A solution of gelatin, when kept, undergoes a 
chemical change, being gradually transformed into a 
solid body. 

68. Alkaloids, 

Source 

Morphine : CpHj^NO,, HjO Opium, as meconate of mor- 
phia. 

Quinine : C20H24N2O2, sHgO Cinchona bark. 

Cinchonine : C20H24N2O Cinchona bark. 

Strychnine : C21H22N2O2 In the beans of strychnos 

ignatii, in the upas tree, 
and in the bark and fruit 
of strychnos nux vomica. 

Brucine : CgsHj^NjO^, 4H2O In false angustura bark, and 

in nux vomica. 

The above substances form part of a serieiB of 
bodies containing N and possessing high molecular 
weights. Their constitution has not yet been deter- 
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mined, neither have they been artificially prepared 
(with the exception of conine), but they are generally 
supposed to be substitution compounds of ammonia. 
They all contain N and some O, and they act as 
bases, combining vrith acids to form salts. They 
possess an alkaline reaction, form double crystallisable 
salts with PtCl4, and are practically insoluble in HjO, 
but readily soluble in hot CaHgO. Some of the 
alkaloids are soluble in ether : e.g, quinine, codein, 
narcotine ; while others are insoluble : e,g, morphine, 
cinchonine, strychnine. These natural bases turn the 
ray of polarised light, some to the right, others to the 
left ; they all have a powerful influence upon the 
animal system. Though the alkaloids themselves are 
soluble only in a large volume of HjO, yet their salts 
are soluble in that solvent. 

59. Oeneral Reactions. 

We must first determine whether or not we have 
an alkaloid present in the given solution. The 
presence of an alkaloid may have been indicated in 
the preliminary examination (7, a, 3) ; in addition we 
have two general tests : — 

1. A solution of sodic phospho-molybdate gives a 
white amorphous precipitate with an alkaloid or a 
solution of its salts. 

2. A saturated solution of Hgia in KI gives a 
yellowish-white precipitate with an alkaloid or its salts. 

Then, having ascertained that an alkaloid is pre- 
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sent, to the original solution add AmHO or KHO 
to precipitate the alkaloid. Dissolve the precipitate 
in C2H6O, add KaCOa to remove HjO, and pour of! 
the supernatant alcohol solution. We thus get a 
concentrated solution of the alkaloid itself ; evapo- 
rate to dryness, and to the solid thus obtained apply 
the following special tests : — 

60. Morphia. 

Morphia is very slightly soluble in cold HnO 
(i in 1,000) ; easily soluble in hot CaHgO ; insoluble 
in ether. The hydrochlorate salt (C17H19NO3, HCl, 
3H2O) is the one which crystallises best. 

Tests. — I. Moisten an evaporating dish with a little 
neutral Fe2Cl6. On now adding either solid morphia 
or its neutral solution, a dark blue colouration is ob- 
tained. The colour is destroyed by excess of acid.^ 

2. Strong HNO3 gives, with solutions containing 
morphia or its salts, an orange-red colouration. If 
the solution is dilute, the colour appears only after a 
time, or on boiling. To the cold solution add SnClj 
or Na2S203 ; the colour disappears. 

Tests (i) and (2) may also be applied thus :— - 

To the original solution of morphia or its salt, add 
Na2C03 ; shake the solution well ; a white crystalline 
precipitate of morphia is obtained, filter, and wash 

' The colour tests for morphia and the other alkaloids are 
best performed in a porcelain evaporating dish, or on the cover 
of a porcelain crucible. 
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the precipitate with a very little HaO. On moistening 
the precipitate with a few drops of neutral FeaCle, 
the blue colour is obtained, and the orange-yellow 
colouration when strong HNO3 is used. 

3. To a strong solution of morphia or of a mor- 
phia salt add a very little HIO3 solution ; I is set 
free and colours the liquid brown. Divide the solu- 
tion into two parts, (a) and (/3). To (a) add a little fresh 
starch solution ; a blue colour, due to the formation of 
the so-called iodide of starch, is obtained. To (/3) add 
CS2 or CHQ3 ; the solution becomes violet-coloured. 
[Other organic bodies answer to this reaction.]. 

4. To morphia or one of its salts add a little strong 
H2SO4 ; a colourless solution is obtained. On now 
adding HNO3, or a crystal of KaCrgOj, a beautiful 
green is produced. 

5. A solution of morphia, made alkaline with 
AmHO, gives a grass-green colouration on being 
warmed with ammonio-oxide of copper. 

61. Qninine. 

Solutions of quinine and of its salts are highly 
fluorescent in the presence of violet rays. Cinchonine 
solutions are not. Quinine is slightly soluble in H2O 
(i in 900), readily soluble in CaHgO and in ether. 
Concentrated H2SO4 and HNO3 dissolve quinine ; 
with the former a faint yellow-coloured solution is 
formed, with the latter a colourless solution which 
becomes yellow on being heated. 
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62. Tests, — I. Add excess of CI water' taan acid 
solution of quinine or a quinine salt ; no apparent 
change is perceived. Now add AmHO ; an emerald- 
green colour is obtained (see 64, 2). 

2. AmHO (KHO, or NagCOa) gives a white bulky 
precipitate of hydrate of quinine with a solution of a 
quinine salt. The precipitate is only slightly soluble 
in AmHO, less soluble in KHO, but iasily satMe in 
ether (see 64, 3). 

3. To a slightly acid solution of quinine or of its 
salts add CI water, then some K4FeC6N6 and AmHO 
solution ; a fine deep red colouration is produced, 
which is very liable to disappear. 

63. Cinclioiiiiie. 

Cinchonine has a great resemblance to quinine, 
differing from it only by containing one atom less of 
O. It acts as a powerful base, and is less soluble in 
CgHgO than quinine, but its salts are much more 
soluble, both in HgO and in CgHgO, than those of 
quinine. 

64. Tests, — I. Solutions of cinchonine and of its 
salts are not fluorescent (see 61). 

2. Cinchonine and its salts give no green coloura- 
tion on the addition of CI water and of AmHO, but 
a yellowish- white precipitate is obtained (see 62, i). 

* Instead of CI bromine vapour may be used, and is said to 
be more delicate, 

E 
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3. AmHO (or KHO) precipitates cinchonine as 
a white amorphous powder from solutions of its salts. 
The precipitate is insoluble in excess of either reagent 
or in ether (see 62, 2). 

4. If to a strong solution of cinchonine, or one of 
its salts in HCl, excess of K4FeC6Ne be added, a 
yellowish flocculent precipitate is obtained, which dis- 
appears on heating. Bright yellow crystals are depo- 
sited from the solution on cooling. 

66. Strychnine. 

Strychnine is soluble in dilute CaHgO and in 
CHCI3, insoluble in ordinary and acetic ether, very 
slightly soluble in H2O (i in 7,000). 

66. Tests. — The solid strychnine for these tests 
may be obtained from its solutions, either as directed 
at 69 or as follows : Precipitate the strychnine by 
adding AmHO ; this will take some time ; do not 
wait, but add CHCI3, which takes up the alkaloid. 
On evaporating the chloroform solution to dryness, 
the strychnine is obtained in a solid form. 

I. To a little concentrated H2SO4 add a trace of 
solution of KaCraOy. If a particle of strychnine be 
moistened with this solution, a beautiful purple colour 
is produced, quickly fading into violet and red. In 
place of KaCrgOy we may substitute MuOq (which 
gives a violet colouration), PbOa (which gives a blue 
colour changing to violet, red, and yellow), or 
KiFeCeNfi (which also gives a violet colour). 
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This reaction is very delicate, and is highly 
characteristic of the presence of strychnine. 

2. KCyS gives, with even dilute solutions of 
strychnine, a white precipitate, seen under the micro- 
scope to consist of tufts of needle-shaped crystals. 

3. Strychnine is soluble in concentrated H2SO4 
and HNO3. The former gives a colourless solution 
which remains unaltered when heated to 100° C. ; the 
latter also gives a colourless solution which becomes 
yellow * when the temperature is raised. 

67. Bmeine. 

Brucine is more soluble in HgO and C2HgO than 
strychnine. 

Tests. 1. To a little solid brucine add a few 
drops of HNO3. The brucine dissolves and a bright 
red colouration is obtained, which becomes blue on 
the addition of SnClj or (NH4)2S, and yellow on 
the application of heat. 

This reaction is very delicate, and is highly cha- 
racteristic of brucine. Hence, also, brucine is a very 
delicate test for the presence of nitric acid. 

* An orange colour is obtained if brucine be present as an 
impurity. 

Test I ki 11, 18, 26, 34, and tests i and 2 in 15, 16, 18- 
21, 25, 80, 81, 86-89, 49» 51, 52 are to be performed on portions 
of the solid substances. 
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SECTION III. 

GENERAL EXAMINATION OF A SOLUTION FOR AN OXALATE, 
ACETATE, BENZOATE, SUCCINATE, TARTRATE, CITRATE, 
MALATE, MECONATE, URATE, HIPPURATE, GALLATE, 
TANNATE, CYANIDE, OR DOUBLE CYANIDE, OR FOR 
ALCOHOL, STARCH, CANE SUGAR, GRAPE SUGAR, GLYCER- 
INE, UREA, MORPHIA, QUININE, CINCHONINE, OR STRYCH- 
NINE. 

68. This examination should always be preceded 
by a preliminary one, as directed in 1-9. 

If the solution has left no residue on evaporation, 
test separate portions of it, at once, for alcohol by 
41, 2 and 3 ; for glycerine by 44, 2 ; for hydrocyanic 
acid by 36, 6 ; or for acetic acid by 13, 3. If no 
result be obtained, probably water alone is present. 

If a tarry smell, accompanied by much charring, 
be observed when the solid substance, obtained by 
evaporation of the original solution, is heated as 
directed at 7 A, test the original solution at once for 
an alkaloid. 

If a smell of burnt sugar be observed on heating 
the original solid, test separate portions of the solu- 
tion at once for cane-sugar by 49, 3 and 4 ; for grape- 
sugar by 61, 3 ; or for starch by 62, 3. 
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If no such indication is given, pass on to 69. 

Examination for the Badicles included in Group I. 

Oxalates^ Meconates^ Tartrates^ Citrates^ Malates, 

89. Add to a portion of the original * NajCOa ' 
solution a little CaCl2 solution ; shake well and let 
stand for a few minutes. 

A. No precipitate is produced. 

The salt is not an oxalate, tartrate, or meco- 
nate. Pass on to 70. 

B. A white precipitate is obtained in the cold. 

The salt may be an oxalate, tartrate, or meco- 
nate. 

Wash the precipitate, and add excess of HA to 
the white precipitate. 

(a) The precipitate dissolves. 

A tartrate or meconate is present Test in the 
original * NajCOa ' solution for a tartrate by 19, 3, 
and for a meconate by 23, 3. 

(/3) The precipitate remains undissolved. 

An oxalate is present. Confirm by 18, 3 and 5. 

70. Heat the solution, to which CaCl2 has been 
added without producing any precipitate, to boiling, 
and add an equal volume of C2H5O. 

A. No precipitate is formed. 

No radicle belonging to Group I. is present. Pass 
on to 71. 

B. A precipitate is obtained on boiling. 
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A oitrate is present.^ Confirm by 21, 5. 

C. No precipitate is produced until CiH^O has 
been added. 

A malate is present. [See note i» page 57.] 
Confirm by 20^ 5. 

Ezaminatioii for fhe Eadides included in Oroup II. 

FerrocyanideSy Ferricyanides, SulphocyanideSy Ben- 
zoates, Succinates^ Hippurates^ Acetates^ Formates^ 
GcUlateSj Tannates, 

71. Add to a portion of the original * NagCOs ' 
solution a few drops of FcgCle ; if there is no pre- 
cipitate in the cold, heat to boiling. 

A. No precipitate or colouration is produced. 
None of the radicles included in Group II. are 

present. Pass on to 72. 

B. A dark-blue precipitate is formed. 

A ferrocjanide is present Confirm by 37, 3 
and 5. 

C. A buff-coloured precipitate is obtained. 

A benzoate or hippurate is present Add to a 
portion of the original solution (concentrated if neces- 
sary), or to the buff precipitate, some HCl and shake 
well. A white precipitate is formed. If, on adding 
a little ether, the precipitate dissolves, a benzoate is 
present ; if the precipitate remains undissolved, a 

* A malate may be precipitated here if the solution is very 
concentrated. The reaction with lime water (20, 21, 4) will 
•distinguish between a citrate and malate. 
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liippiiratejis present Confirm by 16, 4, and 26, 2, 
respectively. 

D. A brownish red precipitate is formed, which is 
solMe in HCL 

A succinate is present. Confirm by 16, 4 or 6. 
No precipitate is formed in the cold, but 

E. A deep red colouration is produced. No pre^ 
cipitate is thrown down on heating, 

A sxQpliocyanicle is present. The colour should 
be destroyed by the addition of HgCl2, but not by 
HCl. 

F. A dark-greenish or brown colouration is pro- 
duced, but there is no precipitate on heating, 

A ferricyanide is present. Confirm by 38, 4. 

G. A deep red colour is observed. On boiling, a 
light brown precipitate is formed, and the solution 
becomes colourless. 

The salt is an acetate or formate. 

To the original * Na2C03 ' solution add HgCl2. 

(a) No precipitate is formed. An acetate is 
present 

(/3) A white precipitate is produced, A formate 
is present. 

H. A dark bluish-black colouration is produced. 

On adding H2SO4, the solution becomes yellow. 
A tannate or gallate is present 

To a portion of the original * Na2C03 ' solution 
add a little solution of gelatin. 

(a) No precipitate is formed. 
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A g^allate is present. Confirm by 31, 7. 
(/3) A yellowish<vhite precipitate is produced^ 
A tannate is present. Confirm by 30, 4. 

Examination for the Badicles included in 

Group III. 

Cyanides^ Cane Sugar, Grape Sugar, Starch, UrateSj 

Urea, Alkaloids, 

72. To portions of the original 'NagCOs' solu- 
tion — 

(i) Add a few drops of FeS04 and FegCle, then 
KHO till the solution is alkaline, and HCl till it is 
acid (36, 3). 

A. A dark-blue precipitate or bluish-green solution * 
is obtained. 

A cyanide is present. Confirm by 86, 6. 

(2) Add a little CUSO4, then excess of KHO until 
a dark-blue solution is obtained ; boil the mixture. 

A. No precipitate is formed. 
Grape-sugar is absent. Pass on to (3). - 

B. A red or yellowish-red precipitate is formed. 
Grape-sugar is present Confirm by 61, 2. 

(3) Add a few drops of HCl, drop by drop. Shake 
well. 

A. A white precipitate is gradually formed. 
A urate is probably present. Confirm by dissolv- 
ing the precipitate, after washing it in a few drops of 

* If the solution is very dilute. 
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HgO, in a very little HNO3 ; evaporate carefully to 
dryness, and moisten the residue with a drop of 
AmHO. A beautiful purple colour should be obtained 
if a urate is present. 

B. No precipitate is formed. 

Boil the solution, to which HCl has been added 
without producing a precipitate, for a few minutes, 
then add CUSO4 and KHO as at (2), and boil again. 
, A. A red or yellowish-red precipitate is formed. 

Cane-sugar is present. Confirm by 49, i. 

(4) Add a little weak solution of I in KI. 
A. A dark-blue colour is produced. 
Starch is present. Confirm by 52, 2. 

(5) Add a few drops of Hg(N03)jj solution. 
A. A white precipitate is formed. 

Urea is probably present. Confirm by 34, 3 
or 5. 

73. If no result has been obtained, probably the 
solution contains an alkaloid, and should be tested as 
directed in 59. Morphia is best detected by 60, i 
and 2 ; quinia by 62, i ; cinchonia by 64, 3 and 4 ; 
and strychnia by 66, i. 



Note i. — A succinate may be piecipitated here ; if, there- 
fore, the presence of a malate is not confirmed by 20, 5, a 
snccinate is probably present, and will be detected in Group II. 
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SECTION IV. 

EXAVINATIOX OF OKGAX1C MATTEK ' SUPPOSED TO CON- 
TAIN AS alkali; oe meecury, aesenic, antimony, 

SILVER, COPFEE, ZINC, OE PHOSFHOEUS ; NITRIC, SUL- 
PHURIC, HYDROCHLORIC, OXALIC, OE HYDEOCYANIC ACID; 
STEYCHNIA, MOEPHIA, CHLOEAL, ANILINE, PHENOL, OR 
NITRO-BENZOL. 

74. In the presence of organic matter the various 
reactions generally afforded by the above substances 
will, in most cases, be either partially or entirely con- 
cealed or prevented by the relatively large quantity 
of organic matter present Certain operations have 
therefore to be performed before the substance can 
be obtained in a proper condition for the application 
of the usual tests. 

Preliminary Examination. 

75. Make a careful examination of the physical pro- 
perties of the mixture, noting down its colour, smell, 
appearance, &c. The presence of hydrocyanic acid 
is sometimes detected by its smell of bitter almonds^ 

* The organic matter may consist of the coats or contents 
of a stomach, liver, or other organ or tissue, of vomited matter, 
food, medicine, beer, wine, spirits, or infusion of tea, coffee, &c. 
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and the presence of phosphonu by its characteristic 
unpleasant smell. Organic matter containing phos- 
phorus is often luminous when viewed in a dark room. 
Note the occurrence of any foreign substance, such as 
particles or crystals of antimony, arsenic, copper, or 
other salt; also any unusual or suspicious appearance 
of the organ, tissue, or infusion. 

76. If the mixture is liquid or semi-solid, test 
portions of it with litmus-paper. 

K The liquid is neutral, or nearly so, to test- 
paper. Pass on to 78. 

B. 2%e liquid reddens blue litmus-paper. 
Probable presence of a hydrogen salt. If the 

liquid is strongly acid, and if much effervescence is 
caused oti the addition of solution of Na2C03, pro- 
bably a large quantity of HCl, H2SO4, or HNO3 is 
present. Confirm by applying the usual tests for each 
acid to small portions of the original liquid, disre- 
garding mere traces of their presence. 

C. The liquid turns reddened litmus-paper blue. 

If the liquid requires much acid before neutralisa- 
tion is effected, a poisonous quantity of KHO or NaHO 
is present.^ The presence of K or Na is proved by 
the usual tests. 

77. Various methods of procedure may sometimes 
be adopted, and much is left to the ingenuity of the 
student ; thus, if the mixture is only semi-fluid, a 

* Am HO would have been detected by its smell. 
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comparatively clear liquid may be obtained by allow- 
ing the mixture to remain for some hours in a deep 
and narrow beaker, or in a test-glass. 

General Examination. 

78. The examination for phosphorus and hydro- 
cyanic acid should be proceeded with at once, as 
these bodies are very liable to undergo chemical 
change, especially in the presence of organic matter. 

79. Phosphorus. 

Phosphorus in combination is not a poison,^ but 
when uncombined it is. Its presence may be detected 
thus : — 

I. A portion of the organic mixture is placed in 
a flask, KHO is added and heat is applied. Let the 
gas which is evolved pass through a glass tube, in 
which some blotting-paper, moistened with AgNOa, 
has been inserted. If phosphorus is present, a black 
precipitate of silver phosphide will be formed on the 
paper. Remove the paper, and put it in a small test- 
tube with a little CI water \ the silver phosphide dis- 
solves and a white precipitate of AgCl is formed, 
while phosphoric acid remains in solution. Filter, 
and test the filtrate for a phosphate in the usual 
manner. 

^ The alkaline orthophosphates, however, are said to be 
non-poisonouS) while the similar salts of pyrophosphoric and 
metaphosphoric acids are said to be poisonous. (Gamgee.) 
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2. Introduce a portion of the organic matter into 
a flask, containing some H2SO4 (dilute) and fitted 
with a long, wide glass tube. Heat the mixture to 
boiling. If pliosphonu is present, the column of 
steam in the tube is seen to be phosphorescent, when 
viewed in a dark room. If much phosphorus is 
present, a lambent greenish-coloured flame may be 
seen in the tube. 

This reaction is very delicate, being given with 
even a mere trace of P. 

80. Hydrocyanic Acid. 

Introduce a portion of the mixture into a small 
retort, the neck of which dips into a little HjO 
contained in the receiver. Distil slowly, and test 
separate portions of the distillate for a cyanide by 
^^> 4> 5- If J^o results are obtained, test the dis- 
tillate for aniline by 95. 

81. Oxalic Acid. 

To the clear liquid, obtained from the original 
mixture, add excess of PbAg ; a white precipitate of 
^ead oxalate will be obtained if oxalic acid is present. 
Introduce the precipitate (after washing it with HgO) 
Mo a small beaker or large test-tube containing some 
HgO. Pass HgS through the liquid for a few minutes. 
A black precipitate of PbS is thus formed, while oxalic 
acid is set free and enters into solution. Boil the 
filtrate until it ceases to smell of H2S, and test the 
clear liquid for an oxalate by 18, 4. 
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82. Examination for Hg, Pb, Ag, Cu, As, Sb, 

Zn. 

Test a portion of the mixture with HjS. If the 
organic mess is white, the coloured sulphides are 
readily seen, and thus a slight indication of the metal 
present is obtained. 

Then proceed to destroy the organic matter pre- 
sent. To do this, to a portion of the original mixture 
add an equal volume of concentrated HCl, and, from 
time to time, a few crystals of KCIO3. Heat to 
boiling, replacing the water lost by evaporation, until 
a clear yellow solution,* with or without a precipitate 
at the bottom, is obtained. Add two or three drops 
of H2SO4, and heat the solution to drive off excess 
of CI. By this mode of procedure we obtain AgCl 
and PbS04 as precipitates. Filter, and test the 
residue for Ag and Pb. Pass H9S through the warm 
filtrate, and test the precipitate for Hg, As, Cu, Sb, in 
the usual manner. 

83. If any indication of the particular metal pre- 
sent has already been obtained, we may proceed 
thus : — 

For Ca. 

Introduce a piece of clean and bright iron (a knife 
blade will do well) into a little of the * original HCl 
solution ;' a deposit of Cu forms on the iron if a Cu 

* This solution will be referred to hereafter as the * origiDal 
HCl solution.* 
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salt is present, an equivalent of iron entering into 
solution at the same time. 

Or thus : — Place a piece of Pt foil in an evapor- 
ating dish, containing some of the 'original HCl 
solution' somewhat diluted with HgO. On the 
Pt a small piece of zinc is placed. Hydrogen is 
evolved, and a deposit of Cu forms on the Pt foil, if 
the organic mess contained a Cu salt. The deposit 
is readily soluble in HNO3, and the solution gives 
the ordinary reactions for copper. 

If Sb is present in the solution, a black deposit 
will be obtained (on the foil), which is insoluble in 
cold HCl, readily soluble in warm HNO3, ^^'^ which 
becomes orange-coloured when heated with a drop or 
two of Am2S. 

84. For As, Sb, Hg. 

Heat a few pieces of clean and bright Cu 
foil * in some of the * original HCl solution ;' the 
above metals, if present in the solution, will be de- 
posited on the foil. Remove the Cu, and after wash- 
ing with a little HjO, carefully dry it on blotting- 
paper, or at as low a temperature as possible (so that 
the metals may escape volatilisation). Introduce 
some of the foil into a rather long and narrow sealed 
tube of hard glass, and apply a gentle heat to the 
bottom of the tube. 

* For the foil we may substitute some bright Cu wire made 
into a small bundle. 
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A. A bright white sublimate is formed, readily 
seen, by the aid of a lens, to consist of liquid metallic 
globules, 

A mercury salt is present in the mixture. The 
deposit on the Cu, when rubbed, becomes sDvery 
white, and is soon volatilised on the application of 
heat. 

B. A white or greyish-white sublimate {As^fi^) is 
formed {at some distance from the foil). Small spark- 
ling transparent crystals may be seen in the sublimate 
with the aid of a lens. 

An arsenic salt is present in the mixture. 

The crystals are octohedral with square bases, and 
are formed by the oxidation of the As deposited on 
the foil. The sublimate is soluble in boiling HgO, 
and the solution gives a light yellow precipitate with 
ammonio-nitrate of silver,^ 

C. A white amorphous sublimate is formed mar 
the Cu, 

Probably an antimony salt is present in the mix- 
ture. 

The sublimate of SbgOa is insoluble in boiling 
H2O. 

[The As deposit requires less heat for volatilisa- 
tion than the Sb deposit, and is consequently found 
at some distance from the source of heat] 

* This solution may be obtained by cautiously adding very 
dilute AmHO to a solution of AgNOj, until the precipitate, at 
first formed, is redissolved. 
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Confirm the results of A, B, or C by the applica- 
tion of the usual tests for Sb, As, and Hg to portions 
of the * original HCl solution.' 

85. For As and Sb. 

Add KHO to the organic mess, boil down to a 
thick liquid, pour in HCl until the solution is acid ; 
introduce the mixture into a retort, and distil over. 
Test the distillate for arsenions acid, and the residue 
forSb. 

86. For Zinc. 

To the filtrate obtained after the removal of the 
precipitate produced by the addition of HgS (82), 
add AmHO till alkaline. A white or dark-coloured 
precipitate is formed. Dissolve the precipitate, after 
washing, in a few drops of HCl, add a little HNO3, 
heat to boiling ; now make alkaline again with 
AmHO, filter (if a precipitate forms), and to the 
filtrate add Am2S. If zinc is present in the solution^ 
a white precipitate will now be obtained. 

87. Examination for Strychnia and Morphia. 

If the original liquid ^ is acid, add Na^COa until 
it is slightly alkaline. Shake up well with CHCI3 in 
a stoppered bottle for about five minutes, and set by 

^ If the original mixture is solid or semi-solid, heat the mess 
with H2O and ^ — ^ its volume of HCl till liquid, then filter, 
and proceed as above. 

F 



66 Practical Organic Analysis. 

till the chloroform has settled. Pipette off (or pour 
off) the supernatant liquid, and wash the chloroform 
with H2O. Pour off the HjO carefully, and evapo- 
rate chloroform solution to dr3mess on a water-bath. 
If the solution is not clear when evaporated nearly to 
dryness, add CHCI3, wash again, and evaporate down. 
To the residue add a few drops of H2SO4 and a trace 
of K2Cr207 ; an evanescent purple colour is seen if 
strychnine is present. 

To the liquid that was poured off from the CHCla, 
add C2H6O and solid K2CO3 ; shake well, and set 
by till the C2H6O solution has formed at the top. 
Carefully remove this layer, introduce it into a small 
retort, and distil nearly to dryness. Add acetic ether 
and evaporate down. A deep blue colouration, on the 
addition of neutral Fe2Cl6 solution to the residue, 
indicates the presence of morphia. 

The separation of morphia from other organic 
matter is rather difficult ; consequently the operation 
should be conducted carefully, and with as much of 
the original mixture as can be spared. 

88. Chloral (Triohlor-aldehyde) : ^^g 

Chloral is a colourless, oily, powerfully smell- 
ing liquid, boiling at 98-5®, and possessing a specific 
gravity of 1*502. When treated with H2O, heat is 
evolved and a white crystalline body, chloral hydrate 
(C2HCI3O, H2O), is formed. When impure, chloral 
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hydrate is of a dirty yellow colour. Both chloral 
and its hydrate are soluble in HgO, C2HeO, and 
C4HiqO. 

When treated with an alkali, chloroform and the 
formate of the metal are formed, thus : — 

QHCI3O + KHO = KCHO2 + CHCI3. 

This reaction is the basis of the following method, 
for detecting the presence of chloral. 

89. Distil a portion of the organic matter sup- 
posed to contain chloral. To the distillate add 
KHO, and distil again. If chloral is present, chloro- 
form passes over into the receiver and potassium for- 
mate is left in the retort. 

Test the distillate for chloroform by 46, 2, and 
the residue for the presence of a formate by 11, 4. 
If doth these reactions are obtained, the presence of 
chloral in the original mixture is indicated. 

90. Phenol (Carbolic Acid) : C6Hfi(0H). 

Phenol is a white, crystalline, deliquescent solid, 
fusing at 42°, and boiling at 185°. The crystals possess 
a specific gravity of 1*065 ^md are soluble in the 
alkalis, with the production of the phenate of the 
alkali metal. Phenol is slightly soluble in cold 
HjO ; more soluble in boiling HgO. 

91. Tests. 

I. With phenol neutral Fe2Cl6 gives a colouration 
which iis precipitated on adding HA. 
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2. Bromine water gives a pale yellow precipitate. 

3. With Millon's reagent a reddish colour is ob • 
tained 

4. Ammonia (or better, aniline) mixed with phenol 
solution, and then with a little solution of sodium (or 
potassium) hypochlorite, gives a blue colouration. 

The same colour is obtained by immersing a piece 
of deal first into phenol solution, then into HCl, and 
afterwards exposing it to the air. 

5. Phenol possesses a peculiar well-known smell 
and burning taste. 

When passed over heated zinc (dust) phenol 
vapour is converted into benzol, which, when treated 
with strong HNO3, gives us nitrobenzol, q.v. 

92. Hitrobenzol : C6H5(N02). 

Nitrobenzol is a liquid possessing an odour re- 
sembling that of the oil of bitter almonds ; hence 
nitrobenzol is sometimes termed the ^ artificial oil of 
almonds.' The compositions of the two bodies are, 
however, very different : the oil of almonds being 
hydride of benzol, while nitrobenzol is a substitution 
product of benzol, in which one atom of hydrogen is 
replaced by NOg. The specific gravity of nitrobenzol 
is I '20-1 '29. In the presence of nascent hydrogen, 
nitrobenzol is converted into aniline, thus : — 

C6H5(N03) + 3H2 = C6H,(NH2) + 2H2O. 
This reaction is the basis of the following process 
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for the detection of nitrobenzol in the presence of 
organic matter. 

93. Introduce a portion of the original mixture 
int6 a retort containing some iron filings and acetic 
acid. Distil carefully, and let the distillate run back 
into the retort by holding the neck of the retort per- 
I)endicularly. When all the nitrobenzol is supposed 
to be reduced (after about five minutes), let the dis- 
^tillate pass over into the receiver and test the contents 
for aniline, q,v. 

94. Aniline (Amido-benzol) : C6H5(NH2). 

Aniline is a colourless oily liquid of peculiar 
odour, very slightly soluble in HjO, readily soluble 
in C2H6O, and C4H10O. Its specific gravity is 
1*034, and it boils and may be distilled at 182°. 
Though neutral to test paper, aniline combines with 
acids, forming definite salts ; thus we have aniline 
chlorate, C6H5(NHa)HCl. With H2SO4 aniline forms 
crystals of aniline sulphate, which, when treated with 
KHO, are decomposed, aniline being set free. 

96. Tests, 

1. With FejCle aniline gives a bright purple 
colouration. 

2. With bleaching powder also aniline gives a 
purple colouration, which is destroyed by excess of 
the reagent. 

3. To a solution of potassium (or sodium) hypo- 
chlorite add a trace of aniline ; a splendid violet 
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colour (mauve) is obtained. This reaction is very 
delicate, and is afforded by a very small quantity of 
aniline. 

4. To a dilute solution of potassium bichromate 
add a little aniline sulphate ; the colour * mauve ' is. 
produced. 

[For fuller information on this subject, a manuat 
of Toxicology should be consulted.] 
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MaoaSlay's Critical and Historical Essays. Cheap Edition. Crown Sva 2*. 6d. 
bludent's Edition. 1 vol. or. Svo. 6«. i Cabinet BdiUon. 4 vols, post Svo. 24i. 
People's Edition. 2 vols. cr. Svo. 8<. | Library Edition. 8 vols. Svou 86f. . 

MarweU^stSir W. S.) Don John of Austria. Library Edition, with numerous 

Illustrations. 2 vols. Royal Svo. 42<. 
May's Constitutional History of England, 1760-1870. 8 vols.^crown Sva ISi. 

— i Demooraoj in Europe. 2 vols. Svo. 82«. 
Merlvale'B Fall of the Roman Republic. 12mo. 7«. 6d. 

— General History of Rome, b.o. 758— a j). 476.^ Crown Svo. Is, 6d. 
» History of the Romans under the Empire. S vols, post Svo. 4h«. 

Rawlinson's Seventh Great Oriental Monarchy— Theffassanians. Svo. S&a. 
BeebOhm's Oxford Reformers— Colet, Erasmus, & Mora. iBvo. 14f. 
Bhort'B History of the Church of England. Grown Svo. 7s. M, 
Smith's Carthage and the Carthaginians. Crown Svo.| 10«. 6d. 
Taylor's Manual of the History of India. Crown Svo. 7s. M. 
Trevelyan's Early History of Charles James Fox. Crown Svo. 6«. 
Walptile's History of England, 1815-1841. S^vols. Svo. £2. lis. 
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BIOGRAPHICAL WORKS. 

Basflbof I Biogiaphloal Stodlee. 1 Tid. 870. 12i. 
Baln^ Biography of James Mill, drown 8vo. Fortmlt, (to. 
-~ Oritiotem and HecoUectiona of J. & MIU. Crown 8to. It. 6d. 

Oarlylfi's Bemlniaoenoes, edited by J. A. Froode. S voLs. orown Sro. 18«. 

— (Mrs.) Letters and Memorials. 8 vols. 8yo. Z9s, 

Oatee*! Dictionaiy of General Biograpby. Medium 8to. SSj. 
Pxonde's Lather, a short Biogn^phy. Grown 8yo. 1«. 

— Thomas Oarlyle. Vols. I & 3, 1795-1836. 8to. with FortraitB and 

Flates, 32s, 

Qleig'fl Life of the Duke of Wellington. Orown 870. 6«. 
HaUiweU-PhiUipps'B Outlines of Shakespeare's Life. 8yo. 7«. M, 
Idotik^ Leaders of Pabllo Opinion in Lnland. Orown 8to. 7«. 6d. 

Ute (The) and Letters of Lord Maoaolay. By his Nephew, O. Otto Trevclyaiu 
M.P. Popular Edition, 1 voL crown 8vo. 6«. Cabinet Bdition, S TOls. pon 
Sto. 13«. Library Bdition, 2 vols. 8yo. 86«. 

Maxcdiman'a Memoirs of Hayelock. Orown 8yo. 8«. Bd, 

MandfllflKdm's Letters. Translated by I^idy Wallaoe. S yol8.or. 870. 5i. eatsh. 

Idl's (John Stoart) Autobiography. 870. 7«. M, 

Mosley's Beminisoenoes of Oriel College. 2 7ols. crown 870. 18«. 

Newman's Apologia pro Vitft Soft. Orown 870. 6«. 

Bkobdefl & the Sla7onio Cause. By O. E. 8yo. Portrait, 14f. 

Boathey'8 Correspondence with Caroline Bowles. 870. lis, 

Bpedding'B Letters and Life of Francis Bacon. 7 70I8. 870. £4. 4«. 

Stephen's Basays in Booleslastical Biography. Grown 870. 7«. 6d. 

MENTAL AND POLITICAL PHILOSOPHY. 

Amoift View of the Sdenoe of Jurisprudence. 870. 18«. 

— Fifity Years of the EngUsh Constltation, 1830-1880. Orown 870. 10«. M. 
mm Frixner of the English Con^tntlcm. Orown 870. 9*, 

Bmoh's BeeayB, with Annotations by Whatdy. 870. 10«. 6A 

— PromuB, edited by Mrs. H. Pott. 870. 16s, 

— Works, edited by Spedding. 7 7qIs. 870. 78j. 6d. 

Bagehot's Boonomlo Studies, edited by Button. 870. 10«. M, 

Bain's Logio, Deducti7e and InductlTe. Crown 870. 10«. Bd, 

Pabt L Deduction, 4i, | Pabt II. Induction, 9t. 6d. 

BoOand & Lang's Aristotle's Politics. Crown 870. 7«. Bd, 

Granf 8 Bthics of Aristotle ; Greek Text, English Notes. S toIs. 870. 83i. 

Hodgson's Philosophy of Beflection. 2 7ols. 870. 21«. 

BUiBOh's Path and Gtoal. 870. 12«. 6d. 

Ledie's Bssays in Political and Moral Philosophy. 870. 10«. Bd, 

Lewis on Anthorily in Matters of Opinion. 870. lit, 

Maoanlay's Speeches corrected by Himself. C!rown 870. 8«. Bd, 

Madeod'sBconomioal Philosophy. Vol. 1. 870. 16«. Vol. H. Part 1. 134. 

Mill's (James) Analysis of the Phenomena of the Human Mind. 2 7ols. 870. 2Bt, 

Mill (John Stuart) on BepresentatiTB GoTemment. Crown 870. 2«. 

— — on Liberty. Grown 870. 1«. id. 
Mill's (John Stuart) DissertationB and DisonasionB. 4 toIb. 870. 46«. Bd, 
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HiU's (John Stuart) BamjB on Unaettled QaeBttons of Fditlcal Boonomy. 8to. 

e«.6d. 

— — .Kramlnation of Hamflton'e Phfloeophy. 8vo. 1S«. 

— — Logic, Ratiocliiative and IndnctiTe. 3 vols. 8to. 85«. 

— — FzlDclplM of Political Boonomy. 8 Tola. 8to. 80*. 1 toL 

orown8To.fti. 
"" ^-m BahJBOtton of Women* Grown 8to* 6ji 

— — UtUitailanlBn. 8to.S«. 

Mffler*! (Mrs. Fenwiok) Beadings in Social Economy. Crown 8yo. 6t» 
Bandan's InetltateB of Jnatiniau, with Bnglish Notes. 8to. I9t, 
Beebohm's English Village Community. 8vo. 16«. 
Bully's Outlines of Psychology. 8yo. 12s, id. 
fiwtnbnme's Piotnre Logia PcBt8yo. 6«. 

Thomson's OntUne of Keceesary Laws of Thought. Grown 8to.6«. 
Tooqnoville's Democracy in America, translated by Beeve. 2 vds. erown 8to. ISt. 
Twin's Law of Nations in Time of War. 8to. SU. 
Whatdy's Slementa of Logla 8to. 10«. 6d. Grown 8vo. It, Bd, 
— > _ -. Bbetorio. 8to. 10s, id. Crown Sro. it. id. 

— ?i" gw«>i ^ynonymes. Fcp. 8yo. Zt, 

WOUams's Nlcomaobean Ethics of Aristotle translated. Grown 8to. 7t, %d. 
Bailees History of Eclecticism in Greek Philosophy. Crown 8to. 10«. id, 

— Plato aud the Older Academy. Grown Svo. lit, 
— - Pre-Eocratio Schools. 2 vols, orown 8yo. 80«. 

■— fioorates and the Sooratic Schools. Crown Svo. 10«. id. 

— Stoics, Bpicoxeans, and Sceptics. Grown 8yo. 16s, 

MISCELLANEOUS AND CRITICAL WORKS. 

Arnold's (Dr. Thomas) Miscellaneous Works. 8vo. It. id, 

— CT.) Manual of English Literature. Crown 8vo. 7t, id, 
fiatn's Emotions and the WilL 8to. 16t, 

— Mental and Morsl Science. Crown 8vo. lOi. id, 

— Senses and the InieDect. 8vo. 16s, 
— - Practical Essajs. Crown 8vo. 4s, id. 

Beaoonafield (Lord), The Wit and Wisdom of. Crown 8yo. Ss. id. 

— (The) Birthday Book. 18mo. 2s, id, oloth ; it, id. bound 
Bedknr'B ChariOtt and GiMut, by Metcalfe. Post 8to. 7t, id, eaeh* 
BlaoU^s German and English Dictionary. Poet 8vo. 7t, id, 
Oontansean's Piaotloal French ft English Dlctionazy. Post Sra Si. id. 

— Pocket French and English Dictionary. Square 18mo. It. id, 
FUiar's Language and Languages. Crown 8vo. it. 
French's Nineteen Centuries of Drink in England. Crown 8to. 10s, 6d, 
Fronde^s Short Studies on Great Subjects. 4 vols. cro>vn 8vo. 3is. 
Grant's (Sir A.) Story of the University of Edinburgh. 2 vols. 8yo. Zit, 
Hofaart's Medical Language of St. Luke. 8vo. 16«. 

HamersBBsays, edited by Green ft Grose. S vols. 870. 28«. 

— Treatise on Human Nature, edited by Green ft Grose. S vols. Svo. Kt, 
Latham's Handbook of the English Language. Crown 8vo. it, 
UddeU ft Bootf 8 Greek-BngUsn Lexicon. 4to. 86«. 

— Abridged Greek-English Lexicon. Square 12mo. 7«. id, 
LoDgmanti Pocket German and English Dictionary. *8mo. 6s. 
Maoanlay*s MisoeDaneons Writings. S vols. 8to. 31«. 1 vol. crown 8vo. it, id, 

— MisoellaneouB Writings and Speeches. Crown 8yo. it, 

— Miscellaneous Writings, Speeches, Lays of Ancient Bome, kO» 
Cabinet Edition. 4 TohK crown 8vo. 2is, 
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JfaTMiiyi ObuBioal Greek Literatare. Grown 8vo. Vol. I. the Poets, Ti. M. 
YoL n. the Proee Writers, 7«. 64. 

XniBrd's Grammar of Blooutlon. Fcp. 8yo. is, M, 

ISOMnaft Oonntry Pleasures. Grown 8to. 6«. 

ICUnerti (Hax) LBctores on the Science of Langnage. S vols, crown 8to. Us, 

— — Leotnres on India. Sro. 12s, 6d. 

B16h*S Dictionary of Roman and Greek Antiqaities. Grown 8yo. 7s, Bd, 
Biogsn's BdUpse of Faith. Fcp. 8to. 6s, 

— Defenoe of the Bolipee of Faith Fop. 8yo. 8«. Bd, 

RogelfB ThaBanros of English Words and Phrases. Grown 8yo. 10s, 64. 
SeleotloDS from the Writings of Lord Hacaulay. Grown 8vo. 6s, 
Btauxas^B Latin Literature. S vols. 8yo. 32s, 
^mdall's Faraday as a Discoverer. Grown 8vo. Zs. Gd, 

— Floating Matter of the Air. Grown 8vo. 7«. 64. 

— Fragments of Science. S vols, post 8vo. 16s. 

— Heat a Mode of Motl<m. Grown 8vo. 12ii. 

— Leotores on Light delivered in Americs. Grown 8yo. 7s, 64. 

— Lessons In Electrioity. Grown 8vo. 2s, 64. 

— Notes on Electrical Phenomena. Grown 8vo. Is, sewed. Is. 64. cloth. 

— Notes of Lectures on Light. Grown 8vo. 1«. sawed, 1«. 64. doth. 

— Bound, with Frontispiece & 208 Woodcuts. Grown 8vo. 10s, 64. 
Von Gotta on Bocks, Ifj Lawrence. Post 8vo. lis. 

White h Riddle's Large Latln-BnglifOi Dictionary. 4to. 21s, 
White's Gonolse Latin-Snglish Dictionary. Royal 8vo. I2s, 

— Jnnlor Student's Lat.-Eng. and BDg..Lat. Diotiooary. Bq. 12mo,fi«. 

SflmmitAiv / The Bngllsh-Latin Dictionary, 3*. 

"***"'*^ 1 The Latin-English Dictionary, Zs, 
WH and Wisdom of the Rev. Sydney Smith. Grown 8vo. 3s, 64. 
Witt's Myths of Hellas, translated by F. M. Younghosband. Grown 8vo. 3s, 64. 

— The Trojan War. Fcp. Svo. 2s. 
Wood's Bible Animals. With 112 VignettGi. 8vo. lOj. 64. 

— Gommon British Insects. Grown Svo. 3s, 64. 

— Homes Without Hands. 8vo. lOi. 64. Insects Abroad. 8vo. lOi. 64. 

— Insects at Home. With 700 Dlnstrations. Svo. lOi. 64. 

— Out of Doora. Grown Svo. 5s, 

— Petland Revisited. Grown Svo. 7s. 64. 

*- Strange Dwellings. Grown Svo. 6j. Popular Edition, 4to. 64. 
Tonge's English-Greek Lexicon. Square 12mo. 8«. 64, 4to. 2l4. 
Tke Essays and Gontributions of A. E. H. B. Grown Svo. 

Antumn Holidays of a Gountry Parson. 3s. 3d, 

Ohanged Aspects of Unchanged Truths. 3«. 64. 

Oommon-plaoe Philosopher in Town and Gountry. 3s. 3d, 

Gonnsel and Gomfort spoken from a Gity Pulpit. 3s. 64. 

Critical BBBays of a Gountry Parson. 3s. 64. 

Graver Thocghts of a Gountry Parson. Three Series, 3s. 3d, each. 

Landscapes, Ohnrcnes, and MoraUtiea. 3s. 64. 

Leisure Hours in Town. 3s. 3d. Lessons of Middle Age. 3s, 3d, 

Our Little Life. Essays Gonsolatory and Domestic. 34. 64. 

Present-day Thoughts. 3s. 3d. 

Recreations of a Gountry Parson. Three Series, 84. 64. each. 

Seaside Musings on Sundays and Week-Days. 34. 64. 

Snnday Afternoons in the Parish Ghnroh of a University Gity. 84. 64. 
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ASTRONOMY, METEOROLOGY, GEOGRAPHY, &c. 

fkwman'i Hlitorloal Gkograpliy of Btoope. 8 yels. 8vo. 81<. 9d, 

HcmolMl'B OatUooi of ijtronomy. Squan crown 8to. 1S«. 

KflHh Johiiiton*B Dicttonaiy of Geography, or General GA»tteer. 8?0i 4$t, 

Menifield'g Treatise on Navigation, drown Svo. 5», 

Vdton'n Work on the Moon. Medium 8to. 81<. 6d, 

FMotort BBnyB on Astronomy. 8yo.l2«. Frootor's Moon. Grown Svo. 10«.M. 

— Larser Star Atlaa. Folio, lit. or Maps only, lis, 6d. 

— Myths and Marrels of Astronomy. Grown Svo. 6«. 

— New Bter Atlas. Grown Svo. S«. Orbs Around Us. Grown Svo. 7f. 64. 

— OUmt Worlds than Ouis. Grown 8vo. 10«. M, 

— Son. Grown Svo. 14i. Univerae of Stars. Svo. 10«. 6dL 

— Transits of Venus, 8vo. 8«. Bd, Studies of Yenus-TransitB, Svo. 5u 
Smlth'to Air and Bain. 8vo.S4i. 

Tha FoUio Sdhools AtJas of Ancient Geography. Imperial Svo. 7«. Sd. 

_ — — Modem Geography. Imperial Svo. 6<. 

Webb's GelfiBtial Objeots for Gommon Telescopes. Crown Svo. 9j. 

NATURAL HISTORY & POPULAR SGIENOE. 

Allen's Flowers and their Pedigrees. Grown Svo. Woodcuts, 7«. Bd, 
Arnottfs Blements of Physios or Natural Philosophy. Grown Svo. 184. M, 
BrandflPs Dictionary of Sdenoe, Literature, and Art. 8 vols, medium Svo. 6Si. 
Deoaisne and Le Maout's General System of Botany. Imperial Svo. 81«. 6d. 
Dixon's Sural Bird life. Grown Svo. Illustrations, 6s, 
Bdmonds's Blementary Botany. Fcp. Svo. 2«. 
Bvans's Bronse Implements of Great Britain. Svo. 26s. 
Ganot^ Elementary Treatise on Physics, by Atkinson. Large crown Svo. 18li 

.— Natural Philosophy, l^ Atkinson. Grown Svo. 7s, Sd, 
Goodsve's Elements of Mechanism. Grown Svo. 6s. 

— Principles of Mechanics. Crown Svo. 6«. 
Grove's Correlation of Physical Forces. Svo. 16s. 

Hartwig's Aerial World. 67O.10s.Gd, Polar World. Svo.lO<. 6<f. 
i— Sea and its Living Wonders. Svo. 10s. Bd. 

— Subterranean World. Svo. 10s. Bd, Tropical World. Svo. lOi. Bi, 

Haughton's EBz Lectures on Physical Geography. Svo. 16s, 

Heer^i Primssval World of Switzerland. 2 vols. Svo. 18«. 
Helmholts's Lectures on Sdentiflc Sul^'ects. 8 vols. or. Svo. 7s. Bd. each. 
HnUahti Lectures on the History of Modem Music. Svo. S«. Bd, 

— Truudtion Pbriod of Musical History . Svo. 10s, Bd, 
Jones's The Health of the Senses. Crown Svo. Ss. Bd. 

KeUer's Lake Dwellings of Switzerland, by Lee. 2 vds. royal Svo. A2«. 

Lloyd's Treatise on Magnetism. Svo.lO«. 6<2. 

Loodom's BncyolopeBdia of Plants. Svo. i3s. 

Lnbbook on the Origin of Civilisation ft Primitive Gordition of Man. 8vo. 18i. 

MaoaUstez'B Zoology and Morphology of Vertebrate Animals. Svo. lOi. Bd* 

Nicds' Puzde of Life. Grown Svo. 8s. Bd. 

Owen's Comparative Anatomy and Physiology of the Vertebrate Awimaia. 8 ytiL 

8va 78«. Bd, 
— Experimental Physiology. Grown Svo. 6s, 
Frootot'B IJght Science for Leisure Hours. 8 Series, crown Svo. It, Bd, eaidu 
Btvttif s Orchard House. Sixteenth Edition. Grown Svo. 6s, 

— Boee Amateur's Guide. Fcp. Svo. is. Bd. 
StuilflQ^ Familiar History of British Birds. Grown Svo. Bs. 
Swinton's Electric Lighting : Its Principles and Practice. Grown Svo. 6s, 
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THE 'KNOWLEDGE' LIBRARY, 

Edited by Bichabd A. Proctor. 

Tlw Borderland of Science. By R. A. Proctor. Crown 8vo. «t. 

Science By ways. By E. A. Proctor. Crown 8vo. 6s. 

The Poetry of Astronomy. By B. A. Proctor. Crown 8vo. 6«. 

Natnre Studies. Beprinted from Knowledge, By Grant Allen, Andrew Wilson, 

&c. Crown Sro. 6s, 
TjeSsan Readings. Reprinted from Knowledge. By Edward Clodd, Andrew 

Wilson, Ac. CrownSvo. 6*. 
The Stars in their Seasons. By R. A. Proctor. Imperial 8vo. 5*. 

CHEMISTRY AND PHYSIOLOGY. 

Bnokton'f Health In the House, Lectures on Elementary Physiology. Or. Sro. U, 
Jago's Inorganic Chemistry, Theoretical and Practical. Pep. 8vo. 2s. 
Kolbe'8 Short Text-Book of Inorganic Chemistry. Crown 8vo. 7s. 6dL ^ 
MUler'B Blements of Chemistry, Theoretical and FractlcaL 8 vols. 8vo. Part I. 

Obemloal Physics, 16«. Part n. Inorganic Chemistry, 84«. Part III. Organio 

OhemiBtiy, price ZU.e4. 

R^ynoldsji Experimental Chemistry. Pop. 8vo. Pt I. 1*. 6d. Pt. H. 2i. 8& 
Pt. IIL Zs, 6d, 

TUdenli Practical Chemistry. Fop. 8to. U 6d. 

WattB'B Diotlonaxy of Chemistry. 9 vols, medium Svo. £16. 2s. 64. 



THE FINE ARTS AND ILLUSTRATED EDITIONS. 

Diener'a Arts and Art Manufactures of Japan. Square crown Sro. Sl«. M, 
Bastlake'a (Lady) Five Great Painters. S vols, crown 8yo. 16«. 

-- Notes on the Brera Gallery, Milan. Crown 8vo. 6s. 

— Notes on the Louvre Gallery, Paris. Crown 8to. 7«. 6<l. 
Hulme's Art-Instruction in England. Fcp. 8yo. Zs, 6d. 
Jameeon's Sacred and Legendary Art. 6 vols, square crown 8vo. 
Logends of the Madonna. 1 roL 21s. 

— — — Monastic Orders. 1 yoL 21s. 

— — — Saints and Martyrs. S vols. 81«. M. 

— — — Saviour. Completed ly Lady Eastlake. 3yol8.a«. 
Macanlay'a Lays of! Ancient Bome, Ulilstrated by Scharf. Fcp. 4to. 10s, 6d 
The same, with Ivry and the Armada, illustrated by Weguelin. Crown 8vo. Zs. 6d. 
Maobtnien's Lectures on Harmony. Sro. 12s. 

Moore's Irish MdodieB. With 161 Plates l7D.Maclii9e,BjSL. Super-royalSvatU. 

— Lalla Bookh, illustrated by TennleL Square crown Svo. 10«. 6(2. 
New Testament (The) illustrated with Woodcuts after Paintings by the Early 
Masters. 4ta 21s. cloth, or 42s. morocco. 

Feny en Greek and Boman Sculpture. With S80 Illustrations engraved on 
Wood. Square crown 8vo. Zls, 6d, 
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THE USEFUL ARTS, MANUFACTURES, &C. 

BoarBtPt Ofttedhtam of fhe Steam Bngliie. Fop. 8vo. (to. 

— HTwnpliMi of Steam, Air, and Gm Bnglnea. 4to. 70i. 

— Handbook of the Steam Engine. Vcp. Sre. •«. 

— Reoeat Improvementa In tbe Steam Bngioa. F^. 8to. <f. 

— Tteatlae on the Steam Engine. 4to.42«. 
Qmtift BnojdlopaBdia of OivU Bngineerlng. 8yo. Sfif. 
OnDfl^ Handbook of PiaotiGal Tdegiaphy. Svo. ISi. 

Baitlakara Honnhold Taste in Tnrnitara, &a Square orown 8to. li«. 
Vairbaim'a Ueefal Information tor Bnglneere. 8 vols, crown Sto. SU, 64. 

— Sana and MiUwork. lvoL8T0.8ff«. 
OwUtfl Bnoyolppndia of Arohiteotnre. 870. 62s, 6d. 

Serrii MetaQnigy, adapted Iqr Orookee and BShrig. 8 yoIb. 8va £4. 18«. 
Loadomli BniqrolcjpBdia of Agriooltore. 8to. 21«. 

— — — Qardening. 8vo. 2l4. 
MMohdl'a Mannal of Fnotioal ABaaylng. 8vo.81«.64. 
Northoottf a Lathee and Tuning. 8vo. 18«. 

Fayen'i Indnstiial Ohemistry Edited t^ B. H. Panl, Ph.D. 8to.43«. 
Pkan'B Art of Perfmnery. Fourth Edition. Square crown 870. 21«i 
Bennett'a Treatiae on the Marine Steam Engine. 8vo. Sl«. 
UieTIi Dictionary of Arts, Mannfaotores, b] Mines. 4 vola. medinm Sro. £7. 7j. 
YDle on Artificial Mannrea. By Orookea, 8vo. 21«. 

RELIGIOUS AND MORAL WORKS. 

Abbqy ft Orerton's English Ohnrok in the Eighteenth Oentory. 2 Totai SfOt 86i. 

Amold'a (Be7. Dr. Thomas) Sermons. 6 vols, crown 8to. 5«. each. 

Bishop Jeremy Taylor's Entire Works. With Life by Bishop Heber. Edited , tv 
the Bey. 0. P. Eden. 10 vols. 8to. £6. A«. 

BooItbeeTa Ckimmentary on the 89 Articles. Orown 8vo. 9*. 

— Hlstocyof the Ghnroh of England, Pre-Beformation Period. 8vo.l0ii 
Bray's Elements of Morality. Fop. 8vo. 2«. M, 

BrownePs (Bishop) Exposition of the 89 Articles. 8vo. lit, 

Oalverf s Wife's Manual. Crown 8vo. 6s, 

Ghrist onr IdeaL 8va Bs, 9d, 

OofensoPs Lectures on the Pentateuch and the Moabite Stone. Svo. lit, 

Odenso on the Pentateuch and Book of Joshua. Orown 8vo. it, 

Oondoi^ Handbook of the Bible. Post 8vo. 7s, 6d. 

Oonybeare ft Howson'sLlfe and Letters of St. Paul :•— 

library Edition, with all the Original Illustrations, Maps, Landsoapei ofi 
BteeL Woodcats, fto. 2 vols. 4to. 42«. 

Intermediate Edition, with a Selection of Maps, Plates, and Woodotttf. 
2 vols, square crown 8vo. 21«. 

Student's Edition, revised and condensed, with 46 Illustrations and Maps. 
1 VOL orown 8vo. 7«. Bd, 
Oreighton's History of the Papacy during the Beformation. 2 vo1b.,8vo. 82s. 
Davidson's Introduction to the Study of the New Testament. 2 vols. Svo. Ws, 
Edersheim's Life and Times of Jesus the Messiah. 2 vols. Svo. 4S«. 
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BDJootl^ (BUhop) Gommentaiy on St Fanl's BplstleB. 8va GalatiaiiB, 8«. M, 
lIphflriBiiB, Si, 6d. Pastoral Bpisttos, lOi. $d, Phflipplftmi, OoloauriaoB and 
FbUemon, 10«. M, TheBBalonianB, 7«. 6d. 

IDIootftlMtareBOiatheLlfeaf ourLord. 8to.1Si. 

Bwald'fl AnldqiiitiiM of Israel, translated by Solly. 970.lU.6d, 

— History of Israel, tnmslated by Carpenter & Smith. 6 vols. 8vo. 79i. 
CkMpel (The) for the Nixieteenih Oentnzy. Ath Bdition« 9vo. 10«. 6<i. 
HopUns's Ohrist the Oonsoler. Fop. 8vo. i*. $d, 

Jvknf s New Man and the Eternal Life. Grown 8to. fit, 

— Beoond Death and the BesUtotion of aU Things. Grown 970,'Zt, 6(1. 

— TypeM of Oenaris. Grown 8yo. 7«. 6d. 

EaUsoh's BiUe Stodies. Past L the Prophecies of Balaam. 8vo. lOi. 6d. 

— — — Part n. the Book of Jonah. 8vo.l0«.6ii. 

— Historical and Giitical Commentazy on the Old Testament; with a 
New Translation. VoL L Gtneat, 8yo. 18<. or adapted for the General 
Beads, 18f . YoL n. Exodw, 16«. or adapted for the Gennal Beader, U«. 
Toll m. LefaUieiUy Part I. lU, or adapted for the General Beader, 8«. 
VoL IV. LevWeut, Part n. \U. or adapted for the General Beader, 8«. 

Keaiy's Ontlines of PzimiUye Belief. 8vo. 18<. 

I^ra Germanica : Hymns translated by Miss Winkworth. Fq>. Bra 6«. 

Manning's Temporal Mission of the Holy Ghost. Grown 8to. 8«. 6dL 

MartineanliBndeaToazs after the Christian Life. Grown 8vo.7«.6d. 

•• Hymns of Praise fmd Prayer. Grown 8T0.4«.6<i. 82mo.l<.<kl« 

— Sermons, Honrs of Thought on Seored Things. 3 Yols. It, 6d. each. 

Mill's Three Essays on Beligion. Sva lOi. M. 

Moosell*! Splritnal Bongs for Sundays and HoUdays. Fcp.8T0.8t. 18mo»S«i 

MtUler's (Max) Origin & Growth of Beligion. Grown 8vo. It. 6d. 

— — Sdence of Beligion. Grown 8yo. 7«. tfd. 
Newman's Apologia pro Vitft Su&. Grown 8to.<U. 

Sewell's (Miss) Passing Thooghts on Beligion. Fcp. 8yo. U, 6d. 

— — Preparation for the Holy Commnnion. 8Smo.8j. 
Seymonr's Hebrew Psalter. Grown 8yo. 2t, 6d. 

Smith's Voyage and Shipwreck of St. Paul. Grown 8to. It. 6d. 
Bnpematmnl Beligion. Complete Edition. 8 yols. 8yo. Mt, 
Whately's Lessons on the Christian Evidences. 18mo. M, 
White's Four Gospels in Greek, with Greek-English Lexlcoa. 8Smo. It, 



TRAVELS, VOYAGES, Ac. 

Aldridge's Banch Notes in Kansas, Colorada, &g. Crown 8ro. &t. 

Bakai'B Eight Years in Ceylon. Grown 8to. 64. 

— Blfle and Honnd in Ceylon. Grown 8y o. 5«. 

Ball's Alpine Guide. 8 vols, post 8vo. with Maps and Blustrationi :— L Western 
Alps, U. 6<L n. Central Alps, It. 6d. in. Eastern Alps, 10«. 6d. 

Ban on Alpine Travelling, and on the Geology of the Alps,l«. 

Brassq^s Sunshine and Storm in the East. Grown 8vo. It. 6d. 

— V<7age in the Yacht * Sunbeam.' Grown 8vo.7i.6d. School Edition, 

fcp. 8vo. 2t. Popular Edition, 4to. M. 
Crawford's Across the Pampas and the Andes. Crown Svo. It. 6(2. 
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FreouMi'B ImproioioM of the United States of America, down Sro. fa. 
Hamdl*! flan Bemo Olimatloally oontddered. Crown Sro. 6s, 
Ifflkr'i Wintering In the Riviera. Poet Sro. mnstaratlona. It. $d. 
The Alpine Olnh Map of Bwltnrland, In Four Sheets. 43«. 
nuee In Norway. By Two of Them. Grown 8yo. DlnstratlonB, Ci. 

WORKS OF FICTION. 

Brabonme*8 (Lord) Hlsgledy-PIggledy. Grown 8vo. 8«. 6d. 

-~ — Whispen from Eahry Land. Grown 8to. 8<. 6d. 

OaUnetEdltion of Korels and Talee toy the Barl of Beaoonafleld, S.O* U tdIb. 

crown 8vo. price 64. each. 
Cabinet Edition of BtorleB and Talea hy lOflB SewelL Crown Sro. doth 

gilt edgee, price Zi. Bd. each :— 



Amy Herberti CleTc HalL 
The Barl^B Daughter. 
Bxperience of I^fe. 
Oertmde. Iyots. 



A GllmpBO of the World. 
Katharine Ashton. 
Laneton FaiBonage. 
Margaret Ferdvu. Uimbu 
Dissolying Ylew8. A NoveL By Mrs. Andrew Lang. 3 vols, crown 8to. 14«. 

Noreta and Tales I7 the Barl of Beaoonsfleld, K.G. Hoghenden Bdltkm, wtth S 
Portraits on Steel and 11 Vignettes on Wood. 11 toIs. crown Svo. AS. Ss. 

The Modem NoreUst^ Library. Bach Work in orown 870. A Single Yolnmey 
complete in itself, price 8«. boards, or 34. 64. doth :— 



By the Barl of Beaoonsfidd, E.G. 
Lothair. Coningstay. 
&rbll. Tancred. 
yenetla. Henrietta Temple. 
Gontarini Fleming. 
Alroy, Ldon, &C. 
The Toong Doke, Ac. 
Vivian Grey. Bndymion. 

By Bret Harte. 

In the Carqnlneas Woods. 

By Mrs. Oliphant. 

In Trust, the Stoiy of a Lady 
and her Lover. 



By Major Whyte-Mdvilla. 
Dlgby Grand. 
GenenJ Bounce. 
Elate Goyentry. 
The Gladiators. 
Good for Nothing. 
Holmby Honse. 
The Interpreter. 
The Qoeen's Meries. 

By Varioos Writers. 
The Atelier dn Lyi. 
Athentone Priory. 
The Bargomastn's Family. 
Elsa and her Vnltoze. 
Mademolsdle Mori. 
The Biz Sisters of the VaUeyi. 
Unawares. 



By Anthony Trollope. 
Barohester Towers. 
The Warden. 

In the Olden Time. By the Author of * Mademoiselle Mori.' Grown Sro. 6i. 

Thicker than Water, By James Payn. Grown Sto. 6«. 

POETRY AND THE DRAMA. 

Bailey's Festns, a Poem. Grown 8vo. 13«. M, 
9owdler's Family Shakspeare. Medlnm Sro. 14«. 6 toIs. fop. Sro. Sl«. 
Gayley's Biad of Homer, Homometrically translated. 8vo. 13«. 64. 
Contngton's iBndd of VirgO, translated into Bnglish Verse. Grown 8to. &«. 

— Prose Translation of Virgil's Poems. Grown 8yo. 9«. 
Goethe's Fanst, translated by Bhrds. Large crown 8to. 13i. 6d, 

— — trasdated by Webb. 8vo. 134. 6d. 

— — edited by Sdas. Grown Syo. 04. 
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Homer's Iliad. Greek Text with Verse Translation by W. 0. Green, Vol I. crown 

8yo. 6f . 
Zngeiow^ Fcems. New EditiOB. 2 yoIb. fop. 8to. 1S«. 
Mianlfly'a Lays ot Andimt Borne, with Ivry and the Annada. Illustrated Iw 

Wegoelin. Grown Svo. 3«. 6d. gilt edges. 
The same. Annotated Bdition, fop. 8yo. 1*. sewed, Ij. 6A doth, 2*. ed, doth extra. 
The same, Popular Edition. Illustrated by Scharf. Fcp. 4to. ed. swd.. Is. doth. 
Pennell's (Cholmondeley-) 'Fron\. Grave to Gay.» A Volume of Sdections. 

Bontbegr'B FMtioal Works. Medium 8yo. 14«. 

RURAL 8P0RT8, HORSE AND CATTLE MANAGEMENT, Ac. 

Dead Shot (The), by Marksman. Grown 8to. 10s, 6d. 

fitiwygxam'a Horses and Stables. 8vo. 104. ed, 

Francis's Treatise on Fishing in all its Brandies. Fost8vo.lS«. 

Hocses and Boads. By Free-Lance. Grown 8yo.6«. 

Howitt's Visits to Bemarkable Places. Grown 8to. 7«. ed. 

Jeffleries' The Bed Deer. Grown 8vo. is. ed. 

MJles's Hone's Foot» and How to Keep it Bound. Imperial 8vo. 13«. M, 

— Plain Treatise on Hone-Shoeing. Post 8to. 2s. Bd, 

— Bemarks on Horses' Teeth. Poet 8yo. 1«. ed. 

— BtaUes and StaUe-Fittings. Imperial 8yo. 16«. 
Milner's Ooontry Pleasures. Grown 8vo. es. 
Nevus's Horses and Biding. Grown 870. 6s, ' 
Bonalds's Fly-Fisher's Entomology. 8yo. lis, 

Bted's Diseases of the Oz, a Manual of Bovine Pathdogy. 8vo. 10«. 
BUmehengB's Dog in Health and Disease. Square orown Svo. 7s. ed, 

— Greyhound. Square crown Svo. 1S«. 
WUooda's Sea-Fisherman. Post Svo. es. 
Yoaatt'B Work on the Dog. Svo. es. 

— — . — — Horse. Svo. 7s, ed, 

WORKS OF UTILITY AND GENERAL INFORMATION 

Acton's Modem Gookery for Private Families. Fop. Svo. 4i. ed. 

Black's Practical Treatise on Brewing. Svo. 10s. ed. 

Bnokton'B Food and Home Gookery, Orown Svo. 2s. ed. 

BoU on the Maternal Management of Ghildren. Fop. Svo. Is. ed. 

Boll's Hints to Mothers on the Management of their Health during the Period of 

Pregnancy and In the I^ylng-in Boom. Fcp. Svo. 1«. 64. 
Burton's 1^ Home Farm. Grown Svo. ds. ed. 

OampbeU-Walker's Gorrect Gard, or How to Play at Whist. Fq^ Svo. 2s, ed. 
Edwards' Our Seamarks. Grown 8vo. Ss. ed. 
Jdmson'B (W. It J. H.) Patentee's Manual. Fourth Edition. Svo. 10«. ed. 

— — The Patents Designs &o. Act, 1883. Fop. Svo. 1*. 

Longman's Ghess Openings. Fcp. Svo. 3«. 6<i 
Msdeod's Elements of ^Banking. Fourth Edition. Grown Svo. S«. 

— Elements of Economics. 8 vols, small orown Svo. Vol. 1. 7i. 6<f . 

— Theory and Practice of Banking. 8vds.Svo. VoLI. 1S«. 
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HHTollodi'BDiotdoiuuyof OoDUDflroeaiidClosn^ STtkCli. 

Mauador*! Blognpfaioal TnMmry. Vcp. 8to. 6«. 

— HlBtrorfml Tteatarj, Vcp. 8to. <«. 

— j^ hfentiMo and litenuy Tntmaij. Fqi. Bra <«. 

— Treasiuy of BOde Knowledge, edited by Ayra. Fqp. 8vo. e«. 

~ Tieasory of Botany, edited liy Llndley III Moon. Two Farts, ISi, 

— Tnaeary of Goograpby. Fop. 8vo.6«. 

— Treasury of Knowledge and Lltaraiy of Bietoenoe. Fop. Svo. Cf. 

— Treasoiy of Natnxal Histoay. Fop. Bra tti. 

FtoVs Tliflory of the Modem Boiantiflo Ckune of Whist Fop. Sva 3«. 64. 

Qoain's Diotionary of Medicine. Medium Svo. 81«. 6<l. or in 2 vela. 34«. 

Beave's Ctookary and Hoosekeeping. Grown Svo. 7i. 64. 

Boott^B Fann Vainer. Grown 8yo. f«. 

Smith's Handboolc for Midwives. Grown 8yo. 6i, 

TheGatainetlAwyer, aPopoIarDigestoftbe Lawsof Bngland. Fop.8vo.9«. 

Yille on Artificial Manures, by Grookes. Svo. 21«. 

Willioh*s Popolar Tables, by Marriott. Grown 8vo. lOt. . 



MUSICAL WORKS BY JOHN HULLAH, LL.D; 

Hollah^slfethod of Teaching Singing. Grown Syo. 3«. 641 

Bxeroises and Figures in the same. Grown 8vo. Im, sewed, or 1j. S4. limp doth ; 
or S Parts, 64. each sewed, or 84. each limp doth. 

Luge ERieets, containing the 'Bzerdses and Figores in Hnllah's Meihod,* in 
Five Parcels of Bight Sheets each, price 6«. each. 

Ghromatio Scale, with the Inflected Syllables, on Large Sheet. 1«.64. 

Oazd of Ghromatio Soale. 14. 

Grammar of Musical Harmony. Bpyal Svo. price 8«. sewed and i«. 64. doth; or 
in 2 Parts, each U, 64. 

Bncdses to Grammar of Musical Harmony. Is, 

Grammar of Gonnterpolnt. Part L super-royal Svo. 9s, 64. 

Wilhem's Manual of Singing. Parts L At n. 2«. 64. each or together, 0«. 

Bxardses and Figures contained in Parts L and II. of Wilhem's Manual. Books 
1. 6i n. each 84. 

Large Sheets, Nee. 1 to 8|OontalniDg the Figures in Part L of Wilhem's Maanal, 
in a Parcel, 6«. 

Large Sheets, Nos. 9 to 40, containing the Bxeroises in Part L of WUhsm's 
Manual, in Four Parcels of Bight Nos. each, per Parcel, 9s. 

Large Sheets, Nos. 41 to S2, containing the Figures in Part n. in a Paroel. 9s, 

Hymns for the Young, set to Music Boyal 8yo. 84. sewed, or Is. 64. doth. 

Infant School Songs, 64. 

Notation, the Musical Alphabet. Grown 8yo. 64. 

Old BnglliBh Songs for Sohools, Harmonifud. 64. 

Budiments of Musioal Grammar. Boyal 8vo. Si. 

Sdiool Songs for 2 and 8 Voices. 2 Books, Svo. eadi 64. 

Lectures on the History of Modem Music. 8yo. 8s. 64. 

Lectures on the Transition Period of Musical History. 8yo. lOt. 84. 
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